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PIXEL CIRCUIT, DISPLAY DEVICE AND ELECTRONIC EQUIPMENT HAVING CURRENT- 
DRIVEN UGHT-EMITTING DEVICE 



(57) A display apparatus (100) is provided with a 
current driving type light-emitting device (224) and a 
driving device (223) tor controlling a driving current flow- 
ing through the light-emitting device for each pixel. The 
display apparatus comprises power source units (13, 
14) for supplying power for causing a driving current to 
flow via the driving device to the light-emitting device via 
a power source wire and signal wire driving units (11, 
12) for supplying a data signal to the driving device via 
signal wires (131, 132). In addition, voltage adjusting 
units (16-23) adjust a voltage from a power source from 
the power source units or a data signal from the signal 
wire driving unit so that a quantity of current of a driving 
current flowing through the light-emitting device in such 
a manner that when a data signal of a predetermined 
voltage is supplied to the driving device via signal wires 
or a quantity of emitted light emitted from the light-emit- 
ting device comes close to a predetermined reference 
value. 
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Description 

Technical Field 

[0001] The present invention relates to a pixel circuit 
which has a current driving type light-emitting device 
such as an organic electroluminescent device (hereinaf- 
ter, called "organic EL device") and a driving device 
such as a thin film transistor for driving the current driv- 
ing type light-emitting device. The present invention 
also relates to a display apparatus having pixels, each 
pixel being provided with such a pixel circuit, and further 
to an electronic apparatus having the same. In particu- 
lar, the present invention concerns a driving circuit, as 
well as a display apparatus, capable of compensating 
for deterioration with time of the current driving type 
light-emitting device and the driving device, as well as to 
an electronic device incorporating such a driving circuit 
and a display apparatus. 

Background Art 

[0002] As an example of such a display apparatus, a 
display apparatus of the type using a Thin Rim Transis- 
tor (hereinafter abbreviated as a TFT) for driving a cur- 
rent driving type light-emitting device such as an 
organic EL device as a driving device is configured as 
will be described. That is. a data signal and a scanning 
signal, each corresponding to an image to be displayed, 
are respectively supplied to a signal line and a scanning 
line provided in a display region from a scanning line 
driving circuit and a signal line driving circuit. On the 
other hand, a voltage is applied between a pixel elec- 
trode and an opposing electrode at each pixel through a 
driving TFT provided for each of a plurality of matrix pix- 
els in a display region from a common electrode driving 
circuit and an opposing electrode driving circuit. Then, a 
current flowing through a current driving type light-emit- 
ting device arranged between the pixel electrode and 
the opposing electrode is controlled by the TFT for driv- 
ing each peel in accordance with a data signal voltage 
supplied from the signal line at the same time as a scan- 
ning signal is supplied from the scanning line. 
[0003] More specifically, for example, a switching TFT 
is provided for each pixel for supplying a data signal 
from the signal line to a gate of the driving TFT through 
a source and a drain when a scanning signal is supplied 
from the scanning line to the gate. The cbratjctance 
between the source and the drain of the driving TFT is 
controlled (changed) according to a voltage (i.e., a gate 
voltage) of a data signal supplied to the gate. At this 
time, the gate voltage is retained for a longer time than 
the period that the data signal is supplied by a retention 
capacitor connected to the gate. In addition, a driving 
current is supplied to an organic EL device, etc. through i 
the source and the drain whose conductance is thus 
controlled, thereby driving the organic EL device in 
accordance with a driving current 



[0004] Especially, the organic EL device equipped 
with the driving TFT described above is considered 
promising as a current control type fight-emitting device 
(hereinafter, described as TFT-OELD") for realizing a 
5 display panel featuring a large size, highly resolution, a 
wide viewing angle, and low power consumption. 

Disclosure of the Invention 

10 [0005] However, for a current driving type light-emit- 
ting device such as an organic EL device, a driving cur- 
rent flows through the inside of the device, so that 
deterioration over time occurs irrespective of scale. For 
example, with respect to the organic EL device, it has 
75 been reported that significant deterioration over time 
occurs. (Refer to Jpn. J. Appl. Phys., 34, L824 (1995)). 
The deterioration of the organic EL device over time is 
broadly classified into two types. One of them is a 
reduction in current against a voltage applied to the 
20 organic EL device. The other is a reduction in a quantity 
of emitted light against a given voltage applied to the 
organic EL device or a current flowing therethrough. 
Additionally, the degree of deterioration over time varies 
among each organic EL device. Further, for a TFT- 
25 OELD, the TFT deteriorates over time because of a cur- 
rent flowing through the TFT as a driving device. For this 
reason, in a display apparatus employing the TFT- 
OELD, a problem of deterioration in image quality arises 
when the organic EL device or the driving TFT deterio- 
30 rates over time. That is, deterioration in current 
decrease or a quantity of emitted light decrease leads to 
degradation of screen luminance, while variation in 
these decreases cause screen irregularities. Especially, 
these kinds of deterioration occur depending upon lumi- 
35 nescence characteristics of the organic EL device dur- 
ing manufacture, variations in current-voltage 
characteristics or threshold characteristics of the driving 
TFT or history of display patterns, and so forth, thus 
resulting in deterioration in screen quality of an entire 
40 display apparatus, and screen irregularities. 

[0006] In this connection, Japanese Patent Publica- 
tion No. 05-019234 discloses a conventional art that an 
EL device is used as a rear light source (backlight) of a 
liquid crystal display panel to thereby detect the lumi- 
45 nance of the EL device in such a manner that the lumi- 
nance of an entire liquid crystal display panel lightened 
from the rear by the EL device does not decrease, 
thereby correcting for deterioration of the rear light 
source. However, the conventional art relates to an 
so entire liquid crystal display panel, and an EL device is 
not provided for each pixel as a display device, and is 
used merely as a rear light source. Therefore, the con- 
ventional art substantially differs from the present inven- 
tion in its applicability. Additionally, the conventional art 
<5 does not suggest an effective technology for correcting 
deterioration over time described above in a display 
apparatus having each pixel equipped with a current 
driving type light-emitting device such as an organic EL 
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device. Furthermore, the technical problems of increas- 
ing the longevity of a display apparatus or improving the 
display quality by correcting for deterioration over time 
in a driving TFT or a current driving type light-emitting 
device in a display apparatus equipped with a current 5 
driving light-emitting device at each pixel is not recog- 
nized between and by those skilled in the art. 

[0007] In view of the above-described problems, to 
solve the technical problems described above, it is an 
object of the present invention to provide a pixel circuit, 10 
a display apparatus and an electronic apparatus 
equipped with a current driving type light-emitting 
device which is capable of reducing degradation of 
screen luminance or screen irregularities by appropri- 
ately correcting for deterioration over time when deteri- 15 
oration over time causes a reduced current or a reduced 
quantity of emitted light or dispersion of deterioration 
over time in a current driving light-emitting device . 

(1) To solve the problems described above, the so- 
present invention provides a first display apparatus 
comprising: a current driving type light-emitting 
device provided for each pixel; a driving device pro- 
vided for each the pixel, for controlling a driving cur- 
rent flowing to the light-emitting device according to 25 
a voltage of a data signal; a power source unit for 
supplying power source through a power wire to 
cause the driving current to flow through the light- 
emitting device via the driving device; a signal wire 
driving unit for supplying the data signal to the driv- 30 
ing device through a signal wire; and a voltage 
adjusting unit for adjusting at least one of the power 
source voltage of the power source unit and the 
data signal at the signal wire driving unit, in such a 
manner that, when a data signal of a predetermined 35 
voltage is supplied to the driving device through the 
signal wire, at least one of a quantity of driving cur- 
rent flowing and a quantity of light emitted by the 
light-emitting device approaches a predetermined 
reference value. 40 

In the first display apparatus as defined above, 
a driving current flows to the light-emitting device 
via the driving device, as the power source is sup- 
plied from the power source unit, while the driving 
device is supplied with a data signal from the signal 45 
wire driving unit via a signal wire. The driving cur- 
rent flowing through the light-emitting device is con- 
trolled by the driving device in accordance with a 
voltage of the data signal. As a consequence, the 
current driving type light-emitting device emits light so 
by the driving current, in accordance with a voltage 
of the data signal. When a data signal of a predeter- 
mined voltage is supplied to the driving device 
through the signal line in, for example, a non-dis- 
play period, the voltage adjusting unit serves to ss 
control at least one of the power source voltage at 
the power source unit and the voltage of the data 
signal at the signal wire driving unit, in such a man- 
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ner that a quantity of driving current flowing through 
the light-emitting device or a quantity of light emit- 
ted from the light-emitting device approaches a pre- 
determined reference value( i.e., a reference 
current or a reference light quantity). 

Hence, even if a light-emitting device or a driv- 
ing current is impeded as a result of deterioration 
over time of the light-emitting device or the driving 
device which causes increase in a resistance of the 
light-emitting device or the driving device, a quantity 
of driving current or a quantity of light emitted in the 
corresponding light-emitting device is maintained 
substantially constant. Thus, any decrease in the 
quantity of driving current or the quantity of emitted 
light, attributable to deterioration over time of the 
light-emitting device or the driving device, can be 
appropriately compensated for by carrying out volt- 
age adjustment. 

Further, even if there are variations in current- 
voltage characteristics or current-light emitting 
characteristics of the light-emitting device or the 
driving device among a plurality of pixels, the quan- 
tity of driving current or the quantity of emitted light 
in the light-emitting device of the corresponding plu- 
rality of pixels can be substantially equalized, if the 
voltage control by the voltage adjusting unit is per- 
formed on independent pixels. That is to say, varia- 
tions of a quantity of driving current and a quantity 
of emitted light , attributable to the variations in the 
characteristics of the light-emitting device or the 
driving device, can effectively be corrected. 

Thus, according to the first display apparatus, 
in a display apparatus in which the current driving 
type light-emitting device such as an organic EL 
device is driven by the driving device such as a thin 
film transistor, a decrease in screen luminance and 
screen irregularities caused by deterioration over 
time or variations in characteristics in each device 
can be reduced. 

(2) In one form of the first display apparatus, the 
driving device comprises a thin film transistor hav- 
ing a gate to which the data signal is supplied, and 
a source and a drain between which the driving cur- 
rent flows, a conductance between the source and 
the drain being controlled by a gate voltage. 

In this form of this display apparatus, the con- 
ductance between the source and the drain is con- 
trolled (changed) in accordance with the data signal 
supplied to the gate of the thin film transistor, rt is 
therefore possible to control the driving current 
flowing through the source and the drain to the 
light-emitting device, in accordance with the voltage 
of the data signal. 

(3) In another form of the first display apparatus, the 
voltage adjusting unit comprises: a current measur- 
ing unit for measuring a quantity of driving current 
when a data signal of the predetermined voltage is 
supplied to the driving device; and a voltage control 
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unit for adjusting at least one of the voltages such 
that the measured current approaches a predeter- 
mined reference current . 

In this form of this display apparatus, a quantity 
of driving current is measured by the current meas- 5 
uring unit when the data signal of a predetermined 
voltage is supplied to the driving device. Addition- 
ally, the voltage of the data signal or the power 
source voltage of the driving current is adjusted by 
the voltage controlling unit in such a manner that 10 
the current thus measured comes close to a prede- 
termined reference current. 

Thus, even if a driving current is impeded as a 
result of deterioration over time of the light-emitting 
device or the driving device which causes an is 
increase in a resistance of the light-emitting device 
or the driving device, a quantity of driving current in 
the corresponding light-emitting device is main- 
tained substantially constant. Further, even if there 
are variations in current-voltage characteristics of so 
the light-emitting device or the driving device 
among a plurality of pixels, the quantity of driving 
current in the light-emitting device of the corre- 
sponding plurality of pixels can be maintained sub- 
stantially constant, if the voltage control of the data 2s 
signal by the voltage adjusting unit is performed on 
independent pixels. 

(4) In still another form of the first display apparatus, 
the voltage adjusting unit comprises: a light-emit- 
ting measuring unit for measuring the quantity of 30 
the emitted light at the time when a data signal of 
the predetermined voltage is supplied to the driving 
device; and a voltage control unit for adjusting at 
least one of the voltages such that the measured 
quantity of emitted light approaches the reference 35 
quantity of emitted light. 

According to this form of this display apparatus, 
a quantity of light emitted from the light-emitting 
device obtained by supplying a data signal of a pre- 
determined voltage to the driving device is meas- 40 
ured by a emitted light quantity measuring unit. A 
voltage of the data signal or power source voltage 
for driving current is controlled by the voltage con- 
trolling unit in such a manner that the measured 
light quantity comes close to the predetermined ref- 45 
erence light quantity. 

Thus, even if a light- emitting device is impeded 
as a result of deterioration over time of the light- 
emitting device or the driving device which causes 
an increase in a resistance of the light-emitting 50 
device or the driving device, a quantity of light emit- 
ted from the light-emitting device is maintained sub- 
stantially constant. Further, even if there are 
variations in current-voltage characteristics or cur- 
rent-light emitting characteristics of the light-emit- 55 
ting device or the driving device among a plurality of 
pixels, the quantity of driving current in the light- 
emitting device of the corresponding plurality of pix- 



els can be maintained substantially constant, if the 
voltage control of the data signal by the voltage 
adjusting unit is performed on independent pixels. 
(5 ) In a further form of the first display apparatus, a 
controDer is further provided for controlling the volt- 
age adjusting unit so as to adjust at least one of the 
voltages at a non-display period prior to a display 
period. 

In this form of this apparatus, the voltage of 
data signal or power source voltage for the driving 
current is controlled by the voltage adjusting unit 
under the control of a controller at a non-display 
period preceding a display period. As a result, it is 
not necessary to occupy part of the display period 
for the purpose of measurement. In addition, the 
voltage control operation is carried out by the volt- 
age adjusting unit, without affecting the screen dis- 
play at a display period. Additionally, often it is 
enough to carry out the adjusting operation by the 
voltage adjusting unit at each non-display period 
such as at power-up. 

(6) To solve the technical problems described 
above, a second display apparatus in accordance 
with the present invention comprises: a current driv- 
ing type display light-emitting device provided for 
each pixel of a display region; a driving device pro- 
vided for each pixel, for controlling a driving current 
flowing to the display light-emitting device accord- 
ing to a voltage of a data signal ; a power source unit 
for supplying a power source through a power wire 
to cause the driving current to flow to the display 
light-emitting device via the driving device; a signal 
wire driving unit for supplying the data signal to the 
driving device through a signal wire; a current driv- 
ing type monitoring light-emitting device provided in 
a monitoring region and driven by current in the 
same manner as the display light-emitting device; 
and a voltage adjusting unit for adjusting at least 
one of the power supply of the power source unit 
and the data signal at the signal wire driving unit, in 
such a manner that at least one of a quantity of driv- 
ing current flowing and a quantity of light emitted by 
the monitoring light-emitting device comes close to 
a predetermined reference value. 

In the second display apparatus as defined 
above, a driving current flows to the display light- 
emitting device via the driving device, as the power 
source is supplied from the power source unit, while 
the driving device is supplied with a data signal 
from the signal wire driving unit through the signal 
wire. The driving current flowing through the display 
light-emitting device is controlled by the driving 
device in accordance with a voltage of the data sig- 
nal. As a consequence, the current driving type dis- 
play light-emitting device emits light by the driving 
current, in accordance with the voltage of the data 
signal. When a data signal of a predetermined volt- 
age is suppOed to the driving device through the 
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signal wire in, for example, a non-display period, 
the voltage adjusting unit serves to control at least 
one of the power source voltage of the power 
source unit and the voltage of the data signal at the 
signal wire driving unit, in such a manner that a 5 
quantity of driving current flowing through the cur- 
rent driving type monitoring light-emitting device, 
which is driven by current as in the case of the dis- 
play light-emitting device, or a quantity of light emit- 
ted from the current driving type monitoring light- 10 
emitting device approaches a predetermined refer- 
ence value( i.e., a reference current or a reference 
light quantity). 

The monitoring light-emitting device which is 
provided in the monitoring region is driven by cur- is 
rent as in the case of the display light-emitting 
device provided in the display region. It is therefore 
expected that the monitoring light-emitting device 
exhibits a tendency of deterioration over time simi- 
lar to that exhibited by the display light-emitting 20 
device. 

Hence, even if a driving current and a display 
light-emitting device are impeded as a result of 
deterioration over time of the display light-emitting 
device or the driving device which causes increase 25 
in a resistance of the display light-emitting device or 
the driving device, a quantity of driving current or a 
quantity of light emitted in the corresponding moni- 
toring light-emitting device is maintained substan- 
tially constant. Thus, any decrease in a quantity of 30 
driving current or a quantity of emitted light, attribut- 
able to deterioration over time of the display light- 
emitting device or the driving device, can be appro- 
priately compensated for by carrying out the volt- 
age adjustment. 3s 

Further, even if there are variations in current- 
voltage characteristics or current-light emitting 
characteristics of the light-emitting device or the 
driving device among a plurality of pixels, the quan- 
tity of driving current or the quantity of emitted light 40 
in the light-emitting device of the corresponding plu- 
rality of pixels can be substantially equalized, if the 
voltage control by the voltage adjusting unit is 
effected on independent pixels. That is to say, vari- 
ations of the driving current and emitted light quan- 45 
frty, attributable to the variations in the 
characteristics of the light-emitting device or the 
driving device, can effectively be corrected. 

Thus, according to the second display appara- 
tus, in a display apparatus in which the current driv- so 
ing type light-emitting device such as an organic EL 
device is driven by the driving device such as a thin 
film transistor, a decrease in screen luminance and 
screen irregularities at each pixel caused by deteri- 
oration over time can be reduced. ss 
(7) In one form of the second display apparatus, the 
driving device comprises a thin film transistor hav- 
ing a gate to which the data signal is supplied, and 



a source and a drain between which the driving cur- 
rent flows, a conductance between the source and 
the drain being controlled by a gate voltage. 

In this form of this display apparatus, when a 
data signal is supplied to the gate of the thin film 
transistor, the conductance between its source and 
drain is controlled (changed) by a gate voltage. 
Accordingly, the driving current flowing through the 
display light-emitting device via its drain and source 
can be controlled in accordance with the voltage of 
the data signal. 

(8) In another form of the second display apparatus, 
the voltage adjusting unit comprises: a current 
measuring unit for measuring a quantity of current 
in the monitoring light-emitting device; and a volt- 
age control unit for adjusting at least one of the volt- 
ages such that the measured current approaches a 
predetermined reference current value. 

According to this form of the display apparatus, 
a current in the monitoring light-emitting device is 
measured by the current measuring unit. A voltage 
of the data signal or a power source voltage of the 
driving current is controlled by the voltage control 
unit such that the measured current approaches a 
predetermined reference current. 

Accordingly even if a driving current is 
impeded as a result of deterioration over time of the 
light-emitting device or the driving device which 
causes an increase in a resistance of the light-emit- 
ting device and the driving device, a quantity of driv- 
ing current in the corresponding light-emitting 
device is maintained substantially constant. Fur- 
ther, even if there are variations in current-voltage 
characteristics in the light-emitting device or the 
driving device among a plurality of pixels, the quan- 
tity of driving current in the light-emitting device of 
the corresponding plurality of pixels can be sub- 
stantially equalized, if the voltage control is per- 
formed on independent pixels . 

(9) According to a further form of the second display 
apparatus, the voltage adjusting unit comprises: a 
light-emitting measuring unit for measuring a quan- 
tity of light emitted from the monitoring light-emit- 
ting device; and a voltage control unit for adjusting 
at least one of the voltages such that the measured 
quantity of emitted light approaches the reference 
quantity of emitted light. 

According to this form, the quantity of light 
emitted from the monitoring light-emitting device is 
measured by the light measuring unit, and the volt- 
age of the data signal or the power source voltage 
for the driving current is controlled by the voltage 
control unit, in such a manner that the measured 
light quantity approaches a predetermined refer- 
ence light quantity. 

Accordingly, even if a light-emitting device is 
impeded as a resutt of deterioration over time of the 
light-emitting device or the driving device which 
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causes an increase in a resistance of the light-emit- 
ting device and the driving device, a quantity of light 
emitted in the corresponding light-emitting device is 
maintained substantially constant Further, even if 
there are variations in current-voltage characteris- 5 
tics or current-light-emitting characteristics of the 
light-emitting device or the driving device among a 
plurality of pixels, the quantity of driving current in 
the Dght-emitting device of the corresponding plu- 
rality of pixels can be substantially equalized, if the 10 
voltage control of the data signal by the voltage 
adjusting unit is performed on independent pixels 
(1 0) A further form of the second display apparatus 
further comprises: a controller for controlling the 
voltage adjusting unit so as to adjust at least one of is 
the voltages at a non<lisplay period preceding a 
display period. 

According to this form of this display apparatus, 
the voltage control unit controls the voltage of the 
data signal or the power source voltage for the driv- 20 
ing current , under the control of a controller, in a 
non-display period preceding a display period. 
Therefore, the voltage control operation by the volt- 
age adjusting unit can be performed without affect- 
ing the image display which is displayed in the 25 
display period. 

(1 1) In a further form of the second display appara- 
tus, the display light-emitting device and the moni- 
toring light-emitting device are formed on a 
common substrate. 30 

According to this form of this display apparatus, 
it is possible to expect similar tendency of deteriora- 
tion over time both on the display light-emitting 
device and the monitoring light-emitting device, by 
operating these light-emitting devices under the 35 
same or similar conditions. This enables a highly 
accurate control of voltage adjustment on the dis- 
play light emitting device, based on the current or 
light quantity on the monitoring light-emitting 
device. ^ 

(12) In a still further form of the second display 
apparatus, the display light-emitting device and the 
monitoring light-emitting device are formed in an 
identical process step. 

This form of the display apparatus offers an 45 
advantage in that the production process does not 
necessitate any additional step which otherwise 
may be required for forming the monitoring light- 
emitting device. Further, it is rather easy to form the 
display light-emitting device and the monitoring so 
light-emitting device with the same or similar char- 
acteristics and, hence, with the same or similar ten- 
dencies of deterioration over time. 
(13) In a yet further form of the second display 
apparatus, the power source unit provides a power 55 
source which supplies the driving current during a 
display period both to the display light-emitting 
device and the monitoring light-emitting device. 



With this form, the display light-emitting device 
and the monitoring light-emitting device exhtoit sim- 
ilar or the same tendencies of deterioration over 
time, since both these light-emitting devices are 
supplied with driving current during the display peri- 
ods. 

(14) To solve the technical problems described 
above, the present invention provides a pixel circuit 
provided for each of a plurality of matrix pixels con- 
stituting a display region of a display apparatus hav- 
ing, at least, a signal wire to be supplied with a data 
signal and first and second feeder lines for supply- 
ing a driving current, the pixel circuit comprising: a 
current driving type light-emitting device connected 
between the first and second feeder lines; a first 
thin film transistor (current-controlling thin film tran- 
sistor) controlling the driving current flowing 
through the light-emitting device via a source and a 
drain connected between the first and second 
feeder lines in series to said light-emitting device in 
accordance with a voltage of said data signal sup- 
plied to a gate; and a driving current compensation 
device for increasing the driving current according 
to at least one of a decrease in a quantity of driving 
current and a decrease in a quantity of light emitted 
from the light-emitting device. 

According to the pixel circuit of the present 
invention, supplying power via first and second 
feeder lines causes a driving current to flow to the 
light-emitting device via the source and the drain of 
the first thin film transistor. Meanwhile, a data signal 
is supplied to a gate of the first thin film transistor 
via the signal wire. In the meantime, a conductance 
between the source and the drain of the first thin 
film transistor is controlled (changed) by a gate volt- 
age, so that the driving current flowing to the light- 
emitting device is controlled according to the volt- 
age of the data signal. As a result, the current driv- 
ing type light-emitting device illuminates in 
accordance with the voltage of the data signal. 
Additionally, the driving current flowing as 
described above is increased by the driving current 
compensation device in accordance with a 
decrease in quantity of driving current or quantity of 
fight emitted. 

Hence, even rf the driving current or the light- 
emitting device is impeded as a result of deteriora- 
tion over time of the light-emitting device or the first 
thin film transistor which causes an increase in a 
resistance of the light-emitting device or the first 
thin film transistor, a quantity of driving current or a 
quantity of emitted light in the light-emitting device 
is maintained substantially constant. 

That is. any decrease in the quantity of driving 
current or the quantity of emitted light caused by 
deterioration over time of the fight-emitting device 
or the first thin film transistor can automatically be 
corrected by an operation to increase the driving 
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current through, for example, a reduction in a resist- 
ance effected by the driving current compensation 
device. 

Further, since the correction described above 
is ode separately for each of a plurality of pixels, s 
even if there are variations in current-voltage char- 
acteristics and current-light-emitting characteristics 
of the light-emitting device or the first thin film tran- 
sistor among a plurality of pixels, a quantity of driv- 
ing current or a quantity of emitted light in the io 
corresponding light-emitting device can be main- 
tained substantially constant. That is, any variation 
in the quantity of driving current or the quantity of 
emitted light caused by variation of characteristics 
of the light-emitting device or the first thin film tran- is 
sistor can be automatically corrected. 

As a result, according to the pixel circuit of the 
present invention, in a pixel circuit in which a cur- 
rent driving type light-emitting device such as an 
organic EL device is driven by a first thin film tran- 20 
sistor, a decrease in screen luminance or screen 
irregularities caused by deterioration over time or 
variations in characteristics in each device can be 
reduced. 

(15) In one embodiment of the pixel circuit, the sig- 25 
nal wire includes a signal line to be supplied with 
the data signal and a scanning line to be supplied 
with a scanning signal. In addition, the pixel circuit 
further comprises a second thin film transistor 
(switching thin film transistor) connected in such a 30 
manner that the data signal is supplied to a gate of 
the first thin film transistor via a drain and a source 
when the scanning signal is supplied to a gate. 
According to this embocfiment, supplying a scan- 
ning signal to the gate of the second thin film tran- 35 
sistor via a scanning line causes the source and 
drain of the second thin film transistor to be brought 
into conduction. In parallel therewith, supplying a 
data signal to the source or the drain of the second 
thin film transistor via the signal line causes the 40 
data signal to be supplied to the gate of the first thin 
film transistor via the source and the drain of the 
second thin film transistor. 

(16) In another embodiment of the pixel circuit, the 
driving current compensation device controls a 45 
resistance between the first feeder line and the sec- 
ond feeder line depending upon a relation between 

a voltage across the light-emitting device and a 
quantity of the driving current. 

According to this embodiment, by adjusting a so 
resistance between the first feeder line and the sec- 
ond feeder line by the driving current compensation 
device depending upon a relationship between a 
voltage across the light-emitting device and a quan- 
tity of driving current, the driving current is 55 
increased to compensate for a reduction of the 
same driving current 

(1 7) In the pixel circuit in which the control is per- 



formed depending upon the relationship between a 
voltage and a current, the arrangement may be 
such that an electric potential of the first feeder line 
is set to be higher than that of the second feeder 
line, and the driving current compensation device 
includes a first correction thin film transistor of an n- 
channel type having a gate connected to an elec- 
trode on the first feeder line side of the light-emitting 
device and a source and a drain connected 
between the light-emitting device and the second 
feeder line in series to the light-emitting device. 

In this case, a resistance between the first 
feeder line and the second feeder line is adjusted 
by the first correction thin film transistor of an n- 
channel type, so that the driving current is 
increased to compensate for a reduction of the 
same driving current. 

(18) Alternatively, in the pixel circuit in which the 
control is performed depending upon the relation- 
ship between a voltage and a cunent, the arrange- 
ment may be such that an electric potential of the 
first feeder line is set to be lower than that of the 
second feeder line, and the driving current compen- 
sation device includes a first correction thin film 
transistor of a p-channel type having a gate con- 
nected to an electrode on the first feeder line side of 
the light-emitting device and a source and a drain 
connected between the light-emitting device and 
the second feeder line in series to the light-emitting 
device. 

In this case, a resistance between the first 
feeder line and the second feeder line is adjusted 
by the first correction thin film transistor of a p-chan- 
nel type, so that the driving current is increased to 
compensate for a reduction of the same driving cur- 
rent. 

(19) Alternatively, in the pixel circuit in which the 
control is performed depending upon the relation- 
ship between a voltage and a current, the arrange- 
ment may be such that an electric potential of the 
first feeder line is set to be higher than that of the 
second feeder line, and the driving current compen- 
sation device includes a second correction thin film 
transistor of a p-channel type having a gate con- 
nected to an electrode on the second feeder line 
side of the light-emitting device and a source and a 
drain connected between the light-emitting device 
and the second feeder line in series to the light- 
emitting device. 

In this case, a resistance between the first 
feeder line and the second feeder line is adjusted 
by the second correction thin film transistor of a p- 
channel type, so that the driving current is 
increased to compensate for a reduction of the 
sane driving current. 

(20) Alternatively, in the pixel circuit in which the 
control is performed depending upon the relation- 
ship between a voltage and a current, the arrange- 
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ment may be such that an electric potential of the 
first feeder line is set to be lower than that of the 
second feeder line, and the driving current compen- 
sation device includes a second correction thin film 
transistor of an n-channel type having a gate con- 5 
nected to an electrode on the second feeder line 
side of the light-emitting device and a source and a 
drain connected between the light-emitting device 
and the first feeder line in series to the light-emitting 
device. 

10 

In this case, a resistance between the first 
feeder line and the second feeder line is adjusted 
by the second correction thin film transistor of an n- 
channel type, so that the driving current is 
increased to compensate for a reduction of the is 
sane driving current 

(21) In a different embodiment of the pixel circuit, a 
retention capacitor is further provided which is con- 
nected to a gate of said first thin film transistor, for 
retaining a gate voltage of the first thin film transis- 20 
tor. 

According to this embodiment, the gate voltage 
of the first thin film transistor, after being supplied 
with a data signal, is retained by the retention 
capacitor. Accordingly, the driving current via the 25 
source and the drain of the first thin film transistor 
can flow for longer time than the period of supplying 
of the data signal. 

(22) In the embodiment in which the retention 
capacitor is further provided, the arrangement may so 
be such that the driving current compensation 
device controls a resistance between either of said 
first or second feeder lines and the retention capac- 
itor, depending on a relationship between a voltage 
across the light-emitting device and the driving cur- 35 
rent. 

According to the embodiment, a resistance 
between the first or the second feeder and the 
retention capacitor is controlled by the driving cur- 
rent compensation device depending upon a rela- ao 
tionship between a voltage across the light-emitting 
device and a quantity of a driving current, there 
increasing the driving current to compensate for a 
reduction of the same driving current. 
(23) In the embodiment employing the control of a 45 
resistance between a feeder line and the retention 
capacitor, the arrangement may be such that an 
electric potential of the first feeder line is set to be 
higher than that of the second feeder line, and the 
driving current compensation device includes a so 
third correction thin film transistor of the same 
channel type n or p as the first thin film transistor, 
having a gate connected to an electrode on the first 
feeder line side of the light-emitting device and a 
source and a drain connected between the reten- 55 
tion capacitor and the first feeder line. 

With this arrangement, a resistance between 
the first or second feeder line and the retention 



capacitor is controlled by the third correction thin 
film transistor of the same channel type n or p as 
the first thin film transistor, so that the driving cur- 
rent flowing from the first feeder line to the second 
feeder line is increased to compensate for the 
decrease of the same driving current. 
(24) Alternatively, in the embodiment employing the 
control of a resistance between a feeder line and 
the retention capacitor, the arrangement may be 
such that an electric potential of the first feeder line 
is set to be lower than that of the second feeder line, 
and the driving current compensation device 
includes a third correction thin film transistor of the 
same channel type n or p as the first thin film tran- 
sistor, having a gate connected to an electrode on 
the first feeder line side of the light-emitting device 
and a source and a drain connected between the 
retention capacitor and the first feeder line. 

With this arrangement, a resistance between 
the first or second feeder line and the retention 
capacitor is controlled by the third correction thin 
film transistor of the sane channel type n or p as the 
first thin film transistor, so that the driving current 
flowing from the second feeder line to the third 
feeder line is increased to compensate for the 
decrease of the same driving current. 
(25) Alternatively, in the embodiment employing the 
control of a resistance between a feeder line and 
the retention capacitor, the arrangement may be 
such that an electric potential of the first feeder line 
is set to be higher than that of the second feeder 
line, and the driving current compensation device 
includes a fourth correction thin film transistor of the 
opposite channel type n or p to that of the first thin 
film transistor, having a gate connected to an elec- 
trode on the first feeder line side of the light-emitting 
device and a source and a drain connected 
between the retention capacitor and the second 
feeder line. 

With this arrangement, a resistance between 
the first or second feeder line and the retention 
capacitor is controlled by the fourth correction thin 
film transistor of the opposite channel type n or p to 
the first thin film transistor, so that the driving cur- 
rent flowing from the first feeder line to the second 
feeder line is increased to compensate for the 
decrease of the same driving current. 
(26) Alternatively, in the embodiment employing the 
control of a resistance between a feeder line and 
the retention capacitor, the arrangement may be 
such that an electric potential of the first feeder line 
is set to be lower than that of the second feeder line, 
and the driving current compensation device 
includes a fourth correction thin film transistor of the 
opposite channel type n or p to that of the first thin 
fflm transistor, having a gate connected to an elec- 
trode on the first feeder line side of the light-emitting 
device and a source and a drain connected 
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between the retention capacitor and the second 
feeder line. 

With this arrangement, a resistance between 
the first or second feeder line and the retention 
capacitor is controlled by the fourth correction thin s 
film transistor of the opposite channel type n or p to 
the first thin film transistor, so thai the driving cur- 
rent flowing from the second feeder line to the first 
feeder line is increased to compensate for the 
decrease of the same driving current. w 

(27) In a different embodiment of the pixel circuit, 
the driving current compensation device controls a 
resistance between the first feeder and the second 
feeder, depending upon a relationship between a 
voltage across the light-emitting device and a quan- is 
tity of the emitted light. 

In this embodiment, a resistance between the 
first feeder and the second feeder is controlled by 
the driving current compensation device depending 
on a relationship between a voltage across the light 20 
emitting device and a quantity of the light emitted, 
whereby the driving current is increased in accord- 
ance with a decrease in a quantity of the light-emit- 
ting device. 

(28) In the embodiment having the retention capac- 2S 
itor, the arrangement may be such that the driving 
current compensation device controls a resistance 
between either of the first or second feeder lines 
and the retention capacitor, depending on a rela- 
tionship between a voltage across the light-emitting 30 
device and a quantity of the emitted light. 

With this arrangement, a resistance between 
the first or second feeder line and the retention 
capacitor is controlled by the driving current com- 
pensation device, whereby the driving current is 35 
increased in accordance with a decrease in a quan- 
tity of the emitted light. 

(29) In the embodiment in which a resistance 
between the feeder line and the retention capacitor 

is controlled depending upon a relationship 40 
between a voltage and a quantity of emitted light, 
the arrangement may be such that an electric 
potential of the first feeder line is set to be higher 
than that of the second feeder line, and the first thin 
film transistor is of a p channel type, while the drrv- 45 
ing current compensation device includes a first 
correction thin film photo-diode connected between 
the retention capacitor and the first feeder line. 

With this arrangement, a resistance between 
the first or second feeder line and the retention so 
capacitor is controlled by the first correction thin film 
photo-diode, whereby a driving current flowing from 
the first feeder line to the second feeder line 
through the p-channel type first thin film transistor is 
increased in accordance with a decrease in a quan- 55 
tity of the emitted light. 

(30) In the embodiment in which a resistance 
between the feeder line and the retention capacitor 



is controlled depending on a relationship between a 
voltage and a quantity of emitted light, the arrange- 
ment may be such that an electric potential of the 
first feeder line is set to be higher than that of the 
second feeder line, and the first thin film transistor is 
of a p channel type, and the driving current com- 
pensation device includes a fifth correction thin film 
transistor having a source and a drain connected 
between the retention capacitor and the first feeder 
line. 

With this arrangement, a resistance between 
the first or second feeder line and the retention 
capacitor is controlled by the fifth correction thin film 
transistor, whereby a driving current flowing from 
the first feeder line to the second feeder line 
through the p-channel type first thin film transistor is 
increased in accordance with a decrease in a quan- 
tity of the emitted light. 

(31) Alternatively, the embodiment in which a resist- 
ance between the feeder line and the retention 
capacitor is controlled depending on a relationship 
between a voltage and a quantity of light emitted, 
the arrangement may be such that an electric 
potential of the first feeder line is set to be lower 
than that of the second feeder line, and the first thin 
film transistor is of an n channel type, and the driv- 
ing current compensation device includes a first 
correction thin film photo-diode connected between 
the retention capacitor and the first feeder line. 

With this arrangement, a resistance between 
the first or second feeder line and the retention 
capacitor is controlled by the first correction thin film 
photo-diode, whereby a driving current flowing from 
the second feeder line to the first feeder line 
through the n-channe! type first thin film transistor is 
increased in accordance with a decrease in a quan- 
tity of the emitted light. 

(32) Alternatively, in the embodiment in which a 
resistance between the retention capacitor and the 
feeder line is controlled depending on a relationship 
between a voltage and a quantity of light emitted, 
the arrangement may be such that an electric 
potential of the first feeder line is set to be lower 
than that of the second feeder line, and the first thin 
film transistor is of an n channel type, and the driv- 
ing current compensation device includes a fifth 
correction thin film transistor having a source and a 
drain connected between the retention capacitor 
and the first feeder line. 

With this arrangement, a resistance between 
the first or second feeder line and the retention 
capacitor is controlled by the fifth correction thin film 
transistor, whereby a driving current flowing from 
the second feeder line to the first feeder line 
through the n-channel type first thin film transistor is 
increased in accordance with a decrease in a quan- 
tity of the emitted light. 

(33) Alternatively, in the embodiment in which a 
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resistance between the feeder line and the reten- 
tion capacitor is controlled depending on a relation- 
ship between a voltage and a quantity of light 
emitted, the arrangement may be such that an elec- 
tnc potential of the first feeder line is set to be s 
higher than that of the second feeder line, and the 
first thin film transistor is of an n channel type, and 
the driving current compensation device includes a 
second correction thin film photo-diode connected 
between the retention capacitor and the second in 
feeder line. 

With this arrangement, a resistance between 
the first or second feeder line and the retention 
capacitor is controlled by the second correction thin 
film photo-diode, whereby a driving current flowing is 
from the first feeder line to the second feeder line 
through the n-channel type first thin film transistor is 
increased in accordance with a decrease in a quan- 
tity of the emitted light. 

(34) Alternatively, in the embodiment in which a so 
resistance between the feeder line and the reten- 
tion capacitor is controlled depending on a relation- 
ship between a voltage and a quantity of light 
emitted, the arrangement may be such that an elec- 
tric potential of the first feeder line is set to be 25 
higher than that of the second feeder line, and the 
first thin film transistor is of an n channel type, and 
the driving current compensation device includes a 
sixth correction thin film transistor having a source 
and a drain connected between the retention so 
capacitor and the second feeder line. 

With this arrangement, a resistance between 
the first or second feeder line and the retention 
capacitor is controlled by the sixth correction thin 
film transistor, whereby a driving current flowing 35 
from the first feeder line to the second feeder line 
through the n-channel type first thin film transistor is 
increased in accordance with a decrease in a quan- 
tity of the emitted light. 

(35) Alternatively, in the embodiment in which a 40 
resistance between the feeder line and the reten- 
tion capacitor is controlled depending on a relation- 
ship between a voltage and a quantity of light 
emitted, the arrangement may be such that an elec- 
tric potential of the first feeder line is set to be lower 45 
than that of the second feeder line, and the first thin 
film transistor is of a p channel type, and the driving 
current compensation device includes a second 
correction thin film photo-diode connected between 
the retention capacitor and the second feeder line. so 

With this arrangement, a resistance between 
the first or second feeder line and the retention 
capacitor is controlled by the second correction thin 
film photo<liode. whereby a driving current flowing 
from the second feeder line to the first feeder line 55 
through the p^channel type first thin film transistor is 
increased in accordance with a decrease in a quan- 
tity of the emitted light. 



(36) Alternatively, in the embodiment in which a 
resistance between the feeder line and the reten- 
tion capacitor is controlled depending on a relation- 
ship between a voltage and a quantity of light 
emitted, the arrangement may be such that an elec- 
tric potential of the first feeder line is set to be lower 
than that of the second feeder line, and the first thin 
film transistor is of a p channel type, and the driving 
current compensation device includes a sixth cor- 
rection thin film transistor having a source and a 
drain connected between the retention capacitor 
and the second feeder line. 

With this arrangement, a resistance between 
the first or second feeder line and the retention 
capacitor is controlled by the sixth correction thin 
film transistor, whereby a driving current flowing 
from the second feeder line to the first feeder line 
through the p-channel type first thin film transistor is 
increased in accordance with a decrease in a quan- 
tity of the emitted light 

(37) In a different embodiment of the pixel circuit, 
the driving current compensation device includes a 
thin film transistor which is formed in the same step 
of a process as the first thin film transistor. 

This offers an advantage in that the production 
process does not necessitate any additional step 
for forming the current driving compensation 
device. 

(38) In order to achieve the objects described 
before, a third display apparatus in accordance with 
the present invention comprises: a current driving 
type light-emitting device provided for each pixel; a 
driving device provided for each the pixel, for con- 
trolling a driving current flowing to the light-emitting 
device in accordance with a voltage of a data sig- 
nal; a power source unit for supplying power source 
through a power wire to cause the driving current to 
flow to the light-emitting device via the driving 
device; a signal line driving circuit for supplying 
through a signal line, a data signal having a voltage 
corresponding to an image signal input from an 
image signal source to the driving device; a meas- 
uring unit for measuring at least one of a quantity of 
driving current flowing through the light-emitting 
device and a quantity of light emitted from the light- 
emitting device at the time when a data signal of a 
predetermined voltage is supplied to the driving 
device via the signal line; and a correction circuit 
provided between the image signal source and the 
signal line driving circuit, for inputting the image sig- 
nal to the signal line driving circuit after correcting 
the image signal in such a manner that at least one 
of the measured quantity of driving current and the 
measured quantity of emitted light comes close to a 
predetermined reference value. 

In the third display apparatus as defined above 
a driving current flows to the light-emitting device 
via the driving device, as the power source is sup- 
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plied from the power source unit, while a data sig- 
nal, which is received from the image signal source 
and which has a voltage corresponding to the 
image signal, is supplied to the driving device from 
the signal line driving circuit through the signal line. 5 
A driving current flowing to the light-emitting device 
is controlled by the driving device in accordance 
with a voltage of the data signal. As a conse- 
quence, the current driving type light-emitting 
device emits light by the driving current, in accord- 10 
ance with a voltage of the data signal. When a data 
signal of a predetermined voltage is supplied to the 
driving device through a signal line in, for example, 
a non-display period, the measuring unit measures 
a quantity of dri vi ng current flowing through the light 15 
emitting device or a quantity of light emitted from 
the same. Then, the correction circuit corrects the 
image signal in such a manner that the driving cur- 
rent or the fight quantity as measured approaches a 
predetermined reference value( i.e., a reference 20 
voltage or a reference quantity). The corrected 
image signal is input to the signal line driving circuit 
Consequently, the driving device is supplied with 
the data signal of a voltage corresponding to the 
corrected image signal, from the signal line driving 2 s 
circuit via a signal line. 

Hence, even if a driving current or a light-emit- 
ting device is impeded as a result of deterioration 
over time of the light-emitting device or the driving 
device which causes an increase in a resistance of so 
the light-emitting device or the driving device, a 
quantity of driving current or a quantity of light emit- 
ted in the corresponding light-emitting device is 
maintained substantially constant. Further, even if 
there are variations in current-voltage characters- ss 
tics or current-light emitting characteristics of the 
light-emitting device or the driving device among a 
plurality of pixels, the quantity of driving current or 
the quantity of emitted light in the light-emitting 
device of the corresponding plurality of pixels can 40 
be substantially equalized, if the voltage control by 
the voltage adjusting unit is performed on inde- 
pendent pixels. 

Thus, according to the third display apparatus, 
in a display apparatus in which the current driving 45 
type light-emitting device such as an organic EL 
device is driven by the driving device such as a thin 
film transistor, a decrease in screen luminance and 
screen irregularities caused by deterioration or var- 
iations in the characteristics can be reduced. so 
(39) In one form of the third display apparatus in 
accordance with the present invention, the driving 
device comprises a thin film transistor having a gate 
to be supplied with the data signal, and a source 
and a drain between which the driving current ss 
flows, a conductance between the source and the 
drain being controlled in accordance with the gate 
voltage. 



With this arrangement, a conductance between 
the source and the drain of the thin film transistor is 
controlled in accordance with a voltage of the data 
signal supplied to the gate. It is therefore possible to 
control the driving current flowing through the light 
emitting device via the drain and the source can be 
controlled in accordance with the voltage of the 
data signal. 

(40) Another form of the third display apparatus of 
the invention further comprises a memory device 
for storing at least one of the measured quantity of 
driving current and the measured quantity of emit- 
ted light, and the correction circuit corrects the 
image signal in accordance with at least one of the 
stored quantity of driving current and the stored 
quantity of emitted light. 

With this arrangement, the current or light 
quantity as measured is stored in the memory 
device. The image signal is corrected by the correc- 
tion circuit in accordance with the stored current or 
light quantity. It is therefore possible to perform the 
correction during the display period, based on the 
results of measurement conducted in a non-display 
period which precedes or follows the display period 
in point of time. It is also possible to perform correc- 
tion on a plurality of pixels, using a common meas- 
uring unit and a correction circuit. 

(41) In a further form of the third display apparatus 
of the present invention, the power source wire is 
provided for each pixel column, and the measuring 
unit measures a quantity of the driving current, the 
display apparatus further comprising a common 
line driving circuit which includes: a changeover 
switch for switching the power source wire to the 
power source unit side at a display period, and to 
the measuring unit side at a non-display period; a 
shift register for sequentially outputting sequential 
pulses in accordance with each power source wire; 
and a transmission switch lor sequentially control- 
ling conduction between each power source wire 
and the measuring unit in response to the sequen- 
tial pulses at the non-display period. 

According to this arrangement, during the dis- 
play period, the changeover switch in the common 
line driving circuit connects the power source wire 
to the power source unit side, so that the light-emit- 
ting device is supplied with power from the power 
source unit to illuminate, thus performing ordinary 
displaying operation. On the other hand, in a non- 
display period, the power source wire is connected 
to the measuring unit side by the change-over 
switch. In the meantime, the shift register sequen- 
tially outputs sequential pulses, and the transmis- 
sion switch operates in accordance with the 
sequential pulses so as to have conductance 
between each power source wire and the measur- 
ing unit, so that the measuring unit measures a 
quantity of driving current. Thus, the power source 
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wires corresponding to the respective pixel columns 
are sequentially selected as the measuring object 
whereby the driving currents for the successive col- 
umns of pixels are measured. Furthermore, meas- 
urement of the driving current can be conducted for s 
each of the pixels, provided thai a scanning signal 
is used to enable driving the light-emitting device on 
each p.xel-line basis. It is therefore possible to per- 
form correction on pixel-column basis or pixel basis. 
(42) In a differenl form of the third display apparatus w 
of the invention, the measuring unit measures a 
quantity of emitted light. This display apparatus fur- 
ther comprises: a light detecting line, provided for 
each the pixel column, for transmitting an electrical 
signal indicative of the quantity of emitted light to is 
the measuring unit; and a light detecting line driving 
circuit which includes a shift reg.ster for sequen- 
tially outputting sequential pulses in accordance 
wrth each the light detecting lines, and a transmis- 
sion switch for sequentially controll.ng conduction so 
between each the light detecting line and the meas- 
uring unit in response to the sequential pulses at a 
non-display period. 

In accordance with this arrangement, during a 
norvdisplay period, the shift register sequentially 2S 
outputs sequential pulses in accordance with the 
respective light detecting lines, and the transmis- 
sion switch operates in response to the sequential 
pulses so as to have conductance between the suc- 
cessive light detecting lines and the measuring unit 30 
so that the measuring unit measures a quantity of 
light emitted. Thus, the light detecting lines corre- 
sponding to the respective pixel columns are 
sequentially selected as the measuring object 
whereby the quantities of emitted light are meas- 3s 
ured on pixel-column basis. Furthermore, measure- 
ment of the light quantity can be conducted for each 
of the pixels, provided that a scanning signal is 
used to enable driving the light-emitting device on 
pixel-line basis. It is therefore possible to perform 40 
correction on pixel-column basis or pixel basis 
(43) In a different form of the third display appara- 
tus, the measuring unit measures the quantity of 
emitted light through measurement of a photo- 
exated current of a semiconductor device. 45 

In accordance with this anangement. a quan- 
tity of light emitted from the light-emitting device is 
measured by the measuring unit through measure- 
ment of the photo-excited current of the semicon- 
ductor element, and a correction is performed on so 
the baas of the measured light quantity. It is there- 
fore possible to perform measurement with a high 
device ** aCCUraCy by US ' n9 a comparatively simple 

(44) When a quantity of light emitted is measured 55 
through measurement of photo-excitation current of 
the semiconductor device, the semiconductor 
device may be a PIN diode. - 



In this case, a quantity of light emitted from the 
light-emitting device can be measured by measur- 
ing the photo-excitation current at the PIN junction 
of the PIN diode. 

(45) Alternatively, the semiconductor device mav 
comprise a field effect transistor. 

In this case, a quantity of light emitted from the 
right-emitting device can be measured by measur- 
ing the photo-excitation current at the channel of 
the field effect transistor. 

(46) In a further alternative, the driving device com- 
prises a thin film transistor which is formed in the 
sane step of a process as the semiconductor 
device. 

In this case, the driving device and the semi- 
conductor element can be formed in the same step 
of a production process, which is advantageous 
from the production point of view. 

(47) In a different form of the third display apparatus 
m accordance with the invention, the driving device 
comprises a polycrystalline thin film transistor 
formed through a low-temperaiure process of 
600°C or less. 

This feature makes it possible to form a driving 
device having high driving performance on a com- 
paratively inexpensive large-size glass substrate or 
the l.ke. thus contributing to a reduction in the pro- 
duction cost. 

(48) In a different form of the third display appara- 
tus, the light-emitting device comprises an organic 
electroluminescent device formed through an ink- 
jst procsss. 

This feature enables production of a light-emit- 
ting device having high illuminating efficiency and 
capable of standing a long use. contributing to easy 
patterning on the substrate. Further, the production 
process can be implemented by using a compara- 
tively inexpensive apparatus, while reducing the 
amount of material to be wasted from the process 
contributing to a cost reduction in the display appa- 

(49) In a different form of the third display appara- 
tus, the measuring unit measures at least one of the 
driving current and the quantity of emitted light for 
each pixel, and the conecting circuit conects the 
image signal for each pixel. 

In accordance with this arrangement, the 
measurement of the driving current or the quantity 
of emrtted light is performed by the measuring unit 
on a pixel basis, and the correction of the image 
signal by the correction circuit also is conducted on 
a pixel basis, ft is therefore possible to substantially 
equalize a quantity of driving current or a quantity of 
emrtted light of the light-emitting device in the corre- 
sponding plurality of pixels, despite any variation 
among the pixels in regard to voltage-current char- 
acter.st.cs and current-light-emitting characteristics 
of the light-emitting device and the driving device 
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attributable to variations incurred during the pro- 
duction and variations of degree of deterioration . It 
is thus possible to reduce any screen irregularities, 
attributable to variations in the characteristics of 
each device. 

(50) In a different form of the third display appara- 
tus, the measuring unit measures at least one of the 
driving current and the quantity of emitted light for 
each predetermined block having a number of pix- 
els, and the correcting circuit corrects the image 
signal for the each predetermined block. 

According to this arrangement, the measure- 
ment of the driving current or the emitted light quan- 
tity is performed by the measuring unit on a 
predetermined pixel-block basis, each block having 
a number of pixels. In addition, the correction of the 
image signal is performed by the correction circuit 
on the predetermined pixel-block base. For 
instance, one pixel block includes n pieces of adja- 
cent pixels (n being 2. 4, 8, 16. 32. 64 or so). The 
number of pixels contained in the pixel block may 
be determined based on factors such as the 
required level of uniformity of luminance, process- 
ing performance of the measuring unit and the cor- 
rection circuit, and so forth It is therefore possible 
to substantially equalize a quantity of driving cur- 
rent and a quantity of emitted light among a plurality 
of pixel blocks, despite any variation among the 
pixel blocks in regard to voltage-current character- 
istics and current-light-emitting characteristics of 
the light-emitting device and the driving device, 
attributable to variations incurred during the pro- 
duction and variations of degree of deterioration . It 
is thus possible to reduce any screen irregularities, 
attributable to variations in the characteristics of 
each device. In this case, the measurement and 
correction can be performed more easily in shorter 
time, as compared with the case where the meas- 
urement and the correction are performed on a 
pixel basis. 

(51) In a different form of the third display appara- 
tus, the correcting circuit corrects the image signal 
by converting a signal level of the image signal from 
a specified signal level to another specified signal 
level. 

In accordance with this form of the display 
apparatus, the correction of the image signal by the 
correction circuit is performed such that the signal 
level of the image signal is converted from a speci- 
fied signal level to another specified signal level. 
This eliminates the necessity of provision of signal 
levels different from the specified signal levels, thus 
offering advantages such as simplification of the 
signal line driving circuit or reduction in the number 
of power sources required for the signal line driving 
circuit. Consequently, the display apparatus can 
operate at high speed with reduced electrical cur- 
rent, using a simplified circuitry. 



(52) In order to achieve the above-described object, 
a fourth display apparatus of the present invention 
incorporates any of the foregoing pixel circuits, for 
each of the pixels. 

5 In the fourth display apparatus as defined 

above, since each pixel is driven and controlled by 
its own pixel circuit of the present invention, it is 
possible to reduce screen irregularities and reduc- 
tion in the display luminance which are attributable 

10 to deterioration over time and variations in charac- 
teristics of the light-emitting device and the driving 
device, thus achieving a high quality of image dis- 
play . 

(53) In order to achieve the object of the invention 
is described before, an electronic apparatus of the 

present invention incorporates any form of any one 
of the first to third display 

apparatuses of the invention. 

20 [0008] By virtue of the use of the display apparatuses 
of the invention, reduction in the display luminance and 
screen irregularities attributable to deterioration over 
time and variations in characteristics of the light-emit- 
ting device and the driving device, can be suppressed. 

25 ft is thus possible to obtain a variety of types of elec- 
tronic apparatuses capable of providing high quality of 
image display . 

Brief Description of the Drawings 

30 

[0009] 

Fig. 1 is a block diagram of a general arrangement 
structure of a display apparatus commonly used for 
35 each embodiment according to the present inven- 
tion. 

Fig. 2 is a plan view of a pixel in a display apparatus 
shown in FIG. 1. 

Fig. 3 is a block diagram of a display apparatus of 
40 the first embodiment according to the present 
invention. 

FIG. 4 is a characteristic diagram showing relation 
between gradation level (D), a data signal voltage 
(V s}g ), and a driving current (Id), and a way of cor- 
45 recting deterioration of an image signal for the first 
embodiment. 

FIG. 5 is a block diagram of a medified form of the 
first embodiment. 

Fig. 6 is a block diagram of another modified form of 
50 the first embodiment. 

Fig. 7 is a characteristic diagram showing relation 

between a data signal (V sig ) and a driving current 

(Id) and a way of correcting deterioration for the 

modified form in Fig. 6. 
55 Fig. 8 is a block diagram of a display apparatus 

according to the second embodiment of the present 

invention. 

Fig. 9 is a block diagram of a display apparatus 
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according to the third embodiment of the present 
invention. 

fig. 10 is a block diagram of a display apparatus 
according to the fourth embodiment of the present 
invention. 

fig- 11 shows an equivalent circuit diagram for a * 
pixel of a display apparatus according to the fifth 
embodiment of the present invention, 
fig- 12 shows an equivalent circuit diagram for a 
Pixel of a display apparatus according to the sixth w 
embodiment of the present invention. 
Rg. 13 shows an equivalent circuit diagram for a 
pixel of a display apparatus according to the sev- 
enth embodiment of the present invention, 
fig. 14 shows an equivalent circuit diagram for a is 
pixelof a display apparatus according to the eighth 
embodiment of the present invention. 
Rg. 15 shows an equivalent circuit diagram for a 
pocelof a display apparatus according to the ninth 
embodiment of the present invention. so 
Rg. 16 shows an equivalent circuit diagram for a 

3 d,Sp ' ay apparatus according to the tenth 
embodiment of the present invention. 

fig 17 is a block diagram showing an entire 
arrangement of a display apparatus according to 25 
the eleventh embodiment of the present invention 
including a circuit diagram for a pixel, 
fig. 18 is a circuit diagram of a common line driving 
circuit equipped with a display apparatus according 
to the eleventh embodiment of the present inven so 

fig- 19 is a block diagram showing an entire 
anangement of a display apparatus according to 
the twelfth embodiment of the present invention 
including a circuit diagram of a pixel. 35 
fig. 20 shows a sectional view of a TFT-OELD por- 

Wi1h a dis P ,ay apparatus according to 
the twelfth embodiment. 

Rg- 21 is a characteristic diagram showing a wav of 
conecting deterioration in a display apparatus 40 
according to the twelfth embodiment. 
Rg. 22 is a characteristics diagram showing a way 
of conecting deterioration in a display apparatus 
according to the thirteen embodiment of the 
present invention. 

fig. 23 is a block diagram showing an outlined ** 
arrangement of mode for carrying out an electronic 
apparatus according to the present invention 
Rg. 24 is a front view of a personal computer as an 
example of electronic apparatuses. so 

2L perspecSve view o* a display apparatus 
with TCP as another example of the electronic 
apparatuses. 
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t 1 ^ 0 -., k A best , mode for ^ng out the present inven- 
tion will be explained with respect to each embodiment 
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with reference to the accompanying drawings. 
[001 1 ] First, a common basic arrangement in a display 
apparatus provided with a TFT-OELD (that is. a cunent 
drive type thin film transistor for use in driving an 
organic EL device) will be explained with reference to 
Figs. 1 and 2. Fig. 1 is a block diagram showing a basic 
entire arrangement of a display apparatus, especially 
including a basic schematic circuit diagram of a pixel cir- 
cuit respectively provided for each of four pixels posi- 
tioned adjacently to one another. Additionally, Fig 2 is a 
plan view of a pixel of this display apparatus 
[0012] As shown in Fig. 1, a diS piay apparatus 100 is 
composed of a plurality of scanning lines 131 each 
extending in the X direction and arranged in the Y direc- 
tor) on a TFT array substrate 1 . a plurality of signal lines 
132 each extending in the Y direction and ananged in 
the X d.rection. and a plurality of common lines (com- 
mon feeder lines) 133 each extending in the Y direction 

?S in *" X d,reCti0n - 17,6 apparatus 

1 00 s further composed of a scanning line driving cir- 
cuit 1 for supplying a scanning signal to the scanning 
kne 131, a signal line driving circuit 12 for supplying a 
data s,gnal to the signal line 132. and a common line 
dnving circuit 13 for supplying a positive potential (or a 
negative potential) of a predetermined voltage to the 
common fine 133. In addition, a display region 15 is pro- 
vided in the center of the TFT array substrate 1. and a 
plurality of pixels 1 0 are ananged in a matrix-like config- 
uration within the display region 1 5. 
[0013] As shown in Figs. 1 and 2. each pixel 10 is pro- 
vKled with a pixel circuit composed of a switching TFT 

rVr^t^l * * e Second fi,m transi ^. a 
223 (hereinafter, called a cunent TFT" ) as an 

example of the first thin film transistor controlled by the 
switching TFT 221 to control a current to each pixel, an 
organ* EL device transistor 224, and a retention capac- 
itor 222. Further, a pixel electrode 141 composed of ITO 
(Indium Tin Oxide) film. etc. is connected to a drain of 
recurrent TFT 223 (refer to Rg. 2). and an opposing 
electrode composed of Al (Aluminum) film and so forth 
is ananged opposite to the pixel electrode 141 via the 
orgamc EL device 224. The opposing electrode is. for 
example, grounded or connected to a negative power 
source (or a positive power source) of a predetermined 
electric potential. 

[001 4] As is configured as described above, lumines- 
cence operation at a pixel is earned out as follows. That 
is when a scanning signal is output from the scanning 
line driving circuit 11 to the scanning line 131. and in 
add.t.on. a data signal is supplied to the signal line 132 
from the signal driving circuit 12. the switching TFT 221 
in the p«el 10 corresponding to these scanning line 131 
and the signal line 132 that is turned on. and then volt- 
age from the data signal supplied to the signal line 132 
(Vsjg) is appl,ed to the gate of the current TFT 223 
Whereby, a driving current (Id) corresponding to the 
gate voltage flows between the drain and the source of 
the cunent TFT 223 via the common line 133 from the 
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common line driving circuit 13, and in addition, the cur- 
rent flows from the organic EL device 224 to the oppos- 
ing electrode via the pixel electrode 141 (refer to Fig. 2), 
thereby causing the organic EL device 224 to emit light. 
Then, electric charge stored in the retention capacitor 
222 while the switching TFT 221 is on is discharged 
after the switching TFT 221 is turned off. The current 
flowing through the organic EL device 224 continues to 
flow for a predetermined period of time even after the 
switching TFT 221 is turned off. 

[001 5] Although a current driving type light-emitting 
device driven by a current at each pixel of the display 
apparatus is defined as an organic EL device in each 
embodiment to be described hereinbelow, instead of the 
organic EL device, other well-known current driving 
light-emitting devices such as, for example, an inorganic 
electroluminescence (hereinafter, called "an inorganic 
EL device"), an LED (Light Emitting Diode), and an LEP 
(Light Emitting Polymer) may be used in the corre- 
sponding display apparatus. Additionally, although a 
driving device for controlling the driving current of each 
current driving type light-emitting device is defined to be 
the current TFT, in place of the current TFT, other driv- 
ing devices such as, for example, a FET (Held Effect 
Transistor), and a bipolar transistor may be used in the 
corresponding display apparatus. As long as the current 
driving type light-emitting device or the current driving 
type driving device is used, since deterioration over time 
occurs even to a small degree as the driving current 
flows, effects on each embodiment to be described 
hereinafter is displayed. Note that, when the display 
apparatus is configured by using the organic EL device 
224 and the current TFT 223 having extreme deteriora- 
tion over time, each of the effects of the embodiments to 
be explained hereinbelow is significantly displayed. 
[001 6] In the basic arrangement described above, the 
addition of a circuit or a device adequately correcting 
deterioration over time or variations in characteristics in 
the organic EL device 224 or the current TFT 223 
shown in the first embodiment through to the third 
embodiment enables screen luminance or screen irreg- 
ularities among a plurality of pixels 10 in the display 
region 15 to be prevented from occurring. Hereinbelow, 
each embodiment will be described. 

(First Embodiment) 

[001 7] Fig. 3 is a block diagram of a display apparatus 
provided with a TFT-OELD according to a first embodi- 
ment of the present invention. In the present embodi- 
ment, the common electrode driving circuit 13 supplies 
a power source signal of a predetermined potential (for 
example, a positive potential) to the common line 1 33 
(refer to Figs. 1 and 2). The opposing electrode driving 
circuit 14 supplies a power source signal of a predeter- 
mined voltage (for example, a ground potential) to an 
opposing electrode arranged opposite to the pixel elec- 
trode 1 41 (refer to Fig. 2) with the organic EL device 224 



sandwiched therebetween. 

[0018] In the present embodiment, to especially cor- 
rect a decrease in the driving current resulting from 
deterioration over time of the organic EL device 224 or 

5 the current TFT 223 (accordingly a decrease in a quan- 
tity of emitted light of the organic EL device 224), a cur- 
rent measuring equipment 16, a comparison circuit 21 a, 
a voltage control circuit 22a, and a controller 23 are pro- 
vided. At least one of these common electrode driving 

io circuit 13, the opposing electrode driving circuit 14, the 
current measuring equipment 16, the comparison circuit 
21a, the voltage control circuit 22a or the controller 23 
may be provided on the TFT array substrate 1 . Other- 
wise, it may be configured as an external IC and exter- 

is nally mounted on the TFT array substrate 1 . 

[001 9] The current measuring equipment 1 6 meas- 
ures a driving current which flows from the common 
electrode driving circuit 13 to a display organic EL 
device 224 (refer to Fig. 1) provided for in the display 

20 region 15. 

[0020] The comparison circuit 21a compares the 
measured current ID measured by the current measur- 
ing equipment 16 to a predetermined reference current 
l r ef- The voltage control circuit 22a adjusts the output 

25 voltage (V com ) of the common electrode driving circuit 
13 based upon the comparison results in such a man- 
ner that the difference between both of the currents 
decreases. That is, feedback is given to the output volt- 
age Vcom from the common electrode driving circuit 13 

30 in such a manner that the measured current ID comes 
close to the reference current l ref . As a result, the 
decrease ,as a result of deterioration over time in the 
organic EL device 224 or the current TFT 223, in the 
driving current flowing through the organic EL device 

35 224 which is obtained in the case without feedback is 
corrected with an increase in the driving current result- 
ing from the increase in the output voltage (V com ) of the 
common electrode driving circuit 13. 
[0021 ] The corrective action described above accord- 

40 ing to the present embodiment will be explained with 
reference to Fig. 4. 

[0022] First, a case where the correction according to 
the present embodiment is not made will be explained 
with reference to the upper drawing in Fig. 4. When per- 

45 forming pixel -displaying corresponding to a gradation 
level D1 of an image signal, it is assumed that the 
potentials of the common electrode, the opposing elec- 
trode, the voltage source of the data signal and so forth 
are initially set such that a driving current Id1 flows 

so when a data signal of a voltage V1 is supplied to a sig- 
nal line. Thereafter, when the organic EL device or the 
current TFT suffer deterioration over time, and therefore 
a/en though a data signal having the same voltage of 
V1 is supplied thereto, the driving current Id which flows 

55 through the organic EL device decreases (where the 
decreased current is defined to be Idl*) Thus, performing 
a screen display with the voltages remaining unchanged 
causes luminescence of the organic EL device to 
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fd Ch emHS aCCOndin 9 to *e living current 

£ ^Sifrsr co,Tec,ion is made -"^hS 

eL .r^ ment be «P |ain «* Ter- 
ence to the lower drawing in Fig. 4. 

Sfol «!" tWS CaS6, ■ Wn thou 9 h or 9anic ELdevice 5 

fl I I Urr6nt TFT 223 suffers deterioration Xer 
ta* fte output voltage (V^ , rom the common Z 

aSmoT 9 C ' rCUrt 13 iPCreaSeS in such a ^r tnat 

CUrrent ' d1 as that in in *al state can 
be obtained for the same gradation level D1 That is bv «. 
increasing the output voltaae <V >fr«mL, y 
elenmrt* 9e (v com) fr °rn the common 

aSfltl ^ arCU,t 13, Same drivin 9 current Idl 
as ttiat obtained for a data signal of a voltage V1 ■ that is 

signal of the gradation level D 1 

[0024] As described above, the driving current Id ' 5 
which flows through the organic EL device ?£Tc£ 

™n%eLZ7% OUtPUt VOft ^ e M-n) of the com- 
mon electrode dnving crcuit 13 in such a manner that 
the current characteristic for the imaoe ^nTT^T 
like that in the initial state. 9 9 beC ° meS 20 

SS 5 L*f CCOrdin9,y - by perfo ™ n 9 an image display 
ate performing correction for deterioration serine 
(that is. adjusting the output voltage (V^) of the com 
mon electrode driving circuit 13) the d^ in tne 2S 
lum.nance of the organ* EL device 224 canS reduc^ 

SJ^ 8 ^ deteri °ration over time 
[0026J The conection described above can be oroc- 
«sed.n real time in parallel wrth the displaToperS 30 
Note that ft is sufficient that the coneZn iZZTat 
certain appropriate intervals, and constant correct S 
not requ,red throughout the dsplav operation oSis 

aSordK .n m dater-oration over time. Hence. 35 

SS2£ ^ eSem embodimen t. the controller 23 
is provided for performing correction of this type of dete 
norat™ over time, for example, at the time Xn a ma-n 

diSP ' ay aPP3ratUS 100 * sss 

preceding a display period or at certa.n regular inter- 40 

vS^fTi ° f n ° rmal ° Perations ' a "d *ne o Jut 
cul « ^ J* *■ C ° mm0n e,ecfr °de driving 
SJ^i ' t0 3 ' ateSt VOftaQe ,evel betw een certain 
correction processing and the next correction process- 

Z-L T 96 " 16 "' iS ^"tageous in that correction ,5 
rrTrr ,n9 , d ° 68 n °* ^ 3 bad inf,uenc e over display 

sssar the processin9 speed - a -si 

E h Furth ermore. according to the present embod- 
iment, because of the controller 23 being provided^ ™ 
correction process by the voltage conW^Sft? 
and so forth ,s performed while making an image d£ 
Piayof a predetermined pattern on the disp^Llon 

aHoman? 3 ^ Si9na ' iS - W- wh^causes 

tn e cti^s 2 ^ to ^ ,ignt 10 thS " «** - 

1 nus trie current can be measured with accuracv 

SOS?**? ^ ' UenCe due to deteri^o^; 
time to be precisely corrected. 
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rn^L^w aCC ° rdin9 to «* P resen t embodi- 

ment, when detenoration over time resulting in reduced 

224 occurs, the decrease in the current caused by dete- 
rioration over time can be accurately correctS and 
d^rada on 0 f the screen .uminance can b.£2n£ 

SSL P . reSent embodimen t. the voltage applied 
pixel electrode 141 is adjusted in accordance with the 

£S££ , sr ,D f,owin9 tnrough •» ° r ^*L 

nr-^l^T ^ mStead - as a ^od^ed form of the 

tine 131. »e signal line 132 (the scanning line 131 and 
the signal line 132 are generally called "a bus BneTor 
the opposing electrode (the pixel electrode 141 and the 
o^osing electrode are generally called "electrole") 
may be adjusted in accordance with the current .oTh j 

2S L * That 1 iS ' for eXampl6 ' as shown in Fi3- 5 in 
place of the voltage control circuit 22a as shown in Fig 

adjust SS T 0 * !i rCUit ^ ^ be P^ed for 

d£?3 * *" ° PPOSin9 e,ectrode driving 

££££ in^f 3 ** ^ meaSured current ID 

compared in the companson circuit 21a coincides with 

achS S ' ? emb °di m ent described above to S 
achieved. Note that it goes without saying, in this casV 
Jatthe grounding of the opposing eleircSe causae 
display apparatus to be inoperative. 
[0031 J Otherwise, as shown in Fin 6 instead «f «f« 
votege control circuit 22a shown h 
control circuit 22c may be provided fo? ad ustSe 

minne e rirr i9na ' ** * MnB C,rCuit 12 in ^ 
manner that the measured current ID compared in the 

companson circuit 21 a coincides with the XencL cur 
rentU This enables the same effect as that of the St 
pediment described above to be achieved 
™SL £ ur1nermo re. in the first embodiment and its 
oTmf dtT- 85 3 P^termined pattern *SJS 
on the d.splay region 15 for performing conection 
jessing (vottage adjusting by the voltage 

2^ ? for eXamp,e ' a P 3 "^" may be used that 

Sfht'to t S ?.? a ' CaUSin9 a " organic EL dj£l S 
emrt light to the full extent as described above Other- 

31^ the K C ° ntro ' ° f vo^ge 

^ T . forth ^ ^rnparing the measured cur- 
rert ID for a plurality of patterns with each of the 

££%F e nS m SUCh a manner that, for example me 
total drfferences between both of the cunentefor J% 
of the plurality of patterns are minimized 
[0033] Especially, in the modified form in which the 

ffSSftl^ a vo,te9e ^ * the -*2S> * 

tne signal hne driving drcuit 12 shown in Ro fi ^ 

rennet m S ' 9na ' ^ be adjusted such a 
manner that the measured current ID for a plurality of 
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patterns described above coincide with the reference 
current l ref , thereby, as shown in Fig. 7, enabling each 
voltage (Vn) of a data signal to be up to a voltage (N/n^ 

for each of the values Id1. Id2 Idn, ... of the driving 

current Id. That is, in the case where a current-voltage 5 
characteristic curve of the driving current Id for a data 
signal V sjg changes in a complex way due to deteriora- 
tion over time as shown by CI and C2 (for example, in a 
case where a change cause by deterioration over time 
is extremely abrupt on the low current side comparing to w 
the high current side, or vice versa, etc.), by determining 
a correction amount in accordance with each driving 
current Id value, the driving current Id or a quantity of 
emitted light in the organic EL device 224 can be pre- 
cisely maintained to each gradation level of an input 15 
image signal. 

[0034] As described above, according to the present 
embodiment and its modified forms, the voltage applied 
to the bus line or electrodes is controlled in accordance 
with a difference between the driving current (measured 20 
current ID) actually flowing through the organic EL 
device 224 and the predetermined reference current 
(reference current l ref ), thereby enabling deterioration 
over time of the organic EL device 224 or the current 
TFT 223 to be corrected. 25 

(Second Embodiment) 

[0035] Fig. 8 is a block diagram of a display apparatus 
equipped with a TFT-OELD according to the second 30 
embodiment of the present invention. In Fig. 8, the 
same components indicated in Fig. 3 as in the first 
embodiment are assigned the same reference symbols, 
and a description thereof is omitted. 
[0036] In the present embodiment a voltage between 35 
the common electrode and the opposing electrode is 
applied to a monitoring organic EL device 17a in a cur- 
rent monitoring region 1 7 equipped adjacent to the dis- 
play region 15, and the monitoring organic EL device 1 7 
is current-driven at a display period under almost the 40 
same conditions as for the display organic EL device 
224 (refer to Fig.1). Then, in performing a correction 
processing for deterioration over time, the current 
measuring equipment 16 measures a current l^ flow- 
ing through the monitoring organic EL device 17a. The 45 
output voltage (V^™) of the common electrode driving 
circuit 1 3 is controlled by the comparison circuit 21a, the 
voltage control circuit 22a, and the controller 23 in such 
a manner that the measured current ID, which is the 
measured value of the current Idm by this current meas- so 
uring equipment 1 6, is made to coincide with the refer- 
ence current l ref . The remaining portion of the 
configuration is the same as in the first embodiment. 
[0037] According to the second embodiment config- 
ured as described above, when deterioration over time ss 
resulting in a decrease that a current of the organic EL 
device 224 or the current TFT 223 (refer to Figs. 1 and 
2) occurs, the decrease of the current caused by deteri- 



oration over time can be corrected, thereby enabling the 
decrease of the screen luminance on the display area 
15 to be reduced. 

[0038] Note that, in the present embodiment, a dis- 
playing organic EL device 224 and a monitoring organic 
EL device 17a are formed on the identical TFT array 
substrate 1 through an identical manufacturing step. 
Thus, it is not necessary to additionally perform the 
process of forming the monitoring organic EL device 
17a. In addition, the deterioration overtime tendency of 
each of the displaying organic EL device 224 and the 
monitoring organic EL device 17a can be made to 
become similar to each other, thereby allowing the cor- 
rection of deterioration over time in the displaying 
organic EL device 224 to be fairly precisely made on the 
basis of the current Idm f lowing through the monitoring 
organic EL device 1 7a. 

[0039] Moreover, even in the second embodiment, like 
the first embodiment, correction processing for deterio- 
ration over time may be performed, for example, on 
power-up of the main power source of the display appa- 
ratus 100 preceding the display period, at certain prede- 
termined intervals, or in real-time. Further, as a modified 
form thereof, the output voltage of the scanning line 
driving circuit 1 1 , the signal line driving circuit 12, or the 
opposing electrode driving circuit 14 maybe adjusted in 
accordance with the measured current ID thus meas- 
ured. Especially, in the case of a modified form in which 
the output voltage of the signal line driving circuit 1 2, the 
monitoring organic EL device 17a, under the control of 
the controller 23, is driven in such a manner that a plu- 
rality of displays each having respective luminance dif- 
ferent from one another are carried out in the current 
monitoring region 1 7. This can cope with a case where 
a complicated variation is generated by deterioration 
over time in the current-voltage characteristics by 
adjusting the voltage V sig of the data signal in such a 
manner that each measured current ID obtained for 
each luminance is made to coincide with each corre- 
sponding reference current l ref . 

(Third Embodiment) 

[0040] Fig. 9 is a block diagram of a display apparatus 
equipped with a TFT-OELD according to a third embod- 
iment of the present invention. In Fig. 9, the same com- 
ponents indicated in Fig. 3 as in the first embodiment 
are assigned the same reference symbols and a 
description thereof is omitted. 

[0041] In the present embodiment, in place of the cur- 
rent measuring equipment 1 6 in the first embodiment, a 
quantrty-of-emitted-light measuring equipment 18 is 
provided to measure a quantity of emitted light of the 
displaying organic EL device 224 (refer to Fig. 1) in the 
display region 15. In correcting deterioration over time, 
the scanning signal of a predetermined voltage from the 
scanning line driving circuit 1 1 , the data signal of a pre- 
determined voltage from the signal line driving circuit 
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voltaoTf om ?T' ^ ^ * a determined 

a5mm0n el «*°de driving circuit 13 

£ £22? e,ectrade drivin9 circuit 14 « 

hIT^^ ^^ f " em,tted - |i9ht measuring equipmert ■ « 

conmareTthf 6 comparison circuit 21b 

measured quantity of emitted light LD to 
a predetermmed reference quantity of emitted BghtL , 
Then, the output voltage of the common electrcSdriv 
ng arcurt 13 is adjusted by the comparison^™? 2 lb 
the voltage control circuit 22a. andTe control 23 £ 
such a manner that the quantity of emitted light LD to be 
compared is made to coincide with the predetermine? 
S^^Sj* emitted "*» W ^e 

[0042] in the third embodiment as described above 

ad^inTd'" 18 * SeVera ' *~ — -uU as 
SSSS^L7„ * CUrr6nt (thS drivin9 curre nt) for a 
iradec^rr/™^^ 3(refert0R 9e.1and » 

dLceSH n rt **" 3 VOlta9e in *• °^enic EL 
™. If". decrease " Quantity of emitted light in the 
° r9a ? c device 224. finally resulting in a dS£L ta 

tToTemlS^ At *" a ^ST q "n 
Zte h ^ b/ d6,eriorati ° n -er time * 

a ce^ 24 to thereby prevent the srj-oon 

luminance in the disolav reainn l~JZ screen 
r0043i i„ *uLT ^ 15 ,rom bein 9 reduced. 
Sir 2 ^ e S! d embodim ent also, like the first 
b^Ho ^ C ° rreCt,0n for deterioration over time may 30 
be made, for example, at the power-up of the main 
Power source of the display *^"w £££ 

embodiment, th Toufout vor^l S ^ 9 * W 
apposing electrode driving circuit 14 mav be *rf.*..<^ 

of patterns are accept" Z^l^S " 
fomn for adjusting me output Stogie, "^JE 
dnving circuit 12. under the control of the conSer 23 
by adjust ng the voltaaev .-,< «,«. * ■ wrnro " er Z3, 
manner that L , , . 9 tne data S'S"* 1 in such a 
manner that, for a pluralrty of predetermined oatterns « 
the measured quantity of emitted light LD fe 

e C S e ,ir L ! aCh ^r^" 9 ^-e'qu^ of 
6 T™ ,,9ht ^ complicated variations of the current- 

ttSZSSt resu,tir * from deterioration ™ 

50 
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(Fourth Embodiment) 



[0044] Fig. 10 is a block diagram of a display aooara 
tus provkjed with a tftaci ^ «PPara- 

and th.rd embod.ments are assigned the same refer- 



ence symbols, and a description thereof is omitted 
£045] m the present embodiment, a voltage between 

applied to a monrtonng organic EL device 19a in a lioht- 

dSeZn 1 ^ 19 ^entfote 
1 S is !L 6 m ° nitorin9 "Wto EL device 
a ^ t£S " Und6f a,most »» same conditions 
as for the display organic EL device 224 (refer to Fig 1 7 

IS ' n P l rt ° rmin9 3 COrrection messing fo Sr i 
^ »• quantity-of-emitted-figm measuring 
equipment 18 measures the quantity of emitt^ linw 

1^ EL^ct ISaTouS 

voltage (V^) of tn e common electrode drivino aYcuft 
13 .s adjusted by the comparison circuit 21bTne vol™ 

nTtnLfr m a ' ^ *" sucTmS 
t T SUrSd qUartity 01 emi «ed light LD 
2L « meaSured ^e of emitted light by ihfe 

^e^rrt li9h1 meaSUrin9 ^Pmem te.'coin 
crctes wrth the reference quantity of emitted light L, , 

d^eas?rn\ deter r ti0n ^ tae ^ingTa 
oecrease in a quantrty of current to a voltaoe of tha 

-BJ* EL device 224 or the current TFT S ^ ^ 

S"to • 3011 3 d6CreaSe in a ^ an *rty of emitted 

™ " 9 clOTent ^e organic EL device 224 

S?S SI „ Whe " ad6Crease in a q«a"trty of emitted 
de2« s r o f^f n,C EL d6ViCe 224 ,ina,> y °ccurs, tne 
nS7 L°l Q J Uantty ° f emitted ,i9ht can be cor- 
nS£' ? ftV?" , | n9 1,16 decrease °t « screen lu~ - 
dSrisTng 6 ^ ^ 15 to be rented fro 

StSt ^ Wen in 4,16 fourth embodiment, like 
£e first embodiment, correction processing for deterio 

SvTr ZVZ S ™ y bS Peribrmed ' for examS o^ 
ST ^ main power so^ce of the display aoDa- 
rafos 1 00 preceding the display period, at ceSS pX 

form thereof, the output voltage of the scannino line 
dnvmg arcuit 1 1 . th e sig nal line drM drc J"™"^ U ™ 

acconsance w,th iBie measured quantity of emitted light 

cfrr^H a ? Ured - ^ 3 redetermined pattern used?or 

25 ?i r r ti ° n ^ tm6 ' ° ne Wnd * Pattern o 
a^uralrty of patterns are acceptable. Especially in the 

modrf,ed form in which the output volfoge of S' stanal 

£ SH^S* I is adiusted - unde? the 

u it? wnrroner 23, , the vo tape V of a ria+a « i * 

Ousted such that measured ^^ZStZ 

% oTemSS tmr^^^^ 
Z™Jf 9 ^ Wrth res Pect to a plurality of ore- 

determined patterns, thereby enabling a con^Hcated 
^naton of current-voltage characteristic7^sS 
fo^Sl ^"^r^^' 0136 d ealt with. 9 
10MS] Note that in the present invention especially 
the displaymg organic EL device 224 and the ZE£ 
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organic EL device 1 9a are formed on an identical TFT 
array substrate 1 through an identical process. Accord- 
ingly, it is not required to separately provide a process to 
form the monitoring organic EL device 19a. In addition, 
the deterioration over time tendency in the displaying 
organic EL device 224 and the monitoring organic EL 
device 19a can be made similar, thus enabling deterio- 
ration over time of the current driven displaying organic 
EL device 224 to be accurately corrected based on the 
emitted light from the monitoring EL device 19a. 

(Fifth Embodiment) 

[0049] Unlike the first through the fourth embodiments 
described above, the fifth through the tenth embodi- 
ments which will be explained hereinafter relates to a 
pixel circuit for making correction for each pixel. The 
pixel circuit corrects a decrease in the driving current in 
the organic EL device 224 or the current TFT 223 
caused by deterioration over time or a decrease in a 
quantity of emitted light in the organic EL device 224 , 
which occurs for each pixel. 

[0050] For the fifth embodiment through the tenth 
embodiment, the arrangement of the display apparatus 
in which the plurality of pixel circuits are provided for 
respective pixels is the same as that shown in Fig. 1, 
and thus the description thereof is omitted. 
[0051] Fig. 1 1 shows an equivalent circuit diagram of 
the pixel circuit configured including a TFT-OELD 
according to the fifth embodiment of the present inven- 
tion. Note that, in Fig. 11, the same components as 
those shown in the circuit diagram in each pixel 10 of 
Fig. 1 are assigned the same reference symbols, and 
the description thereof is omitted. 
[0052] In Fig. 1 1 , in the pixel circuit according to the 
present embodiment, a resistance between the first 
feeder line 213 and the second feeder line 215 is made 
to change depending upon a relationship between a 
voltage across both edges of the organic EL device 224 
and a driving current Id flowing therethrough. Note that 
the first feeder line 213 referred to here is a common 
portion connected to the pixel electrode in each pixel to 
which a power source signal of a predetermined voltage 
is supplied from the common line driving circuit. On the 
other hand, the second feeder line 215 is a feeder line 
portion connected to the opposing electrode in each 
pixel to which a power source signal of a predetermined 
voltage is supplied from the opposing electrode driving 
circuit. 

[0053] More specifically, when an electric potential of 
the first feeder line (common electrode) 213 is set to be 
higher than an electric potential of the second feeder 
line (opposing electrode) 215, (that is, in this case a 
positive voltage is supplied to the common electrode, 
and a negative voltage is supplied to the opposing elec- 
trode), as shown in Fig. 1 1 , for a first correction TFT 231 
of the n-channel type, a gate electrode thereof is con- 
nected to the electrode on the first feeder line side of the 



organic EL device 224, a source electrode and a drain 
electrode are added between the organic EL device 224 
and the second feeder line 215 as to be serially con- 
nected with the organic EL device 224 . According to 

5 this configuration, when a resistance of the organic EL 
device 224 increases, the gate voltage of the first cor- 
rection TFT 231 increases, and the resistance between 
the source electrode and the drain electrode decreases. 
[0054] Hence, according to the fifth embodiment, even 

10 if a resistance of the organic EL device 224 increases 
due to deterioration over time, a resistance between the 
source and the drain of the first correction TFT 231 
decreases, thereby enabling a decrease in a quantity of 
driving current Id resulting from a increase in a resist- 

15 ance in the organic EL device 224 to be corrected, and 
the screen luminance to be prevented from decreasing. 
In addition, the correction described above is made for 
each of the pixels. This prevents screen irregularities fro 
occurring when deterioration over time occurs to vari- 

20 ous degrees among a plurality of pixels or there are var- 
ious degrees of variation in current-voltage 
characteristics among a plurality of pixels in the initial 
state. 

[0055] As a modified form of the fifth embodiment, an 

25 electric potential of the first feeder line 213 is set to 
lower than that of the second feeder line 215 (that is, a 
negative power source is supplied to the common elec- 
trode, and a positive power source is supplied to the 
opposing electrode.), the first correction TFT 231 is a p- 

30 channel type, and a gate electrode thereof is connected 
to the electrode on the first feeder line side of the 
organic EL device 224 and a source electrode and a 
drain electrode have only to be comprised between the 
organic EL device 224 and the second feeder line 215 

35 as to be serially connected with the organic EL device. 
According to this configuration, when a resistance of the 
organic EL device 224 increases, the gate voltage of the 
first correction TFT 231 lowers, and a resistance 
between the source electrode and the drain electrode 

40 decreases, thereby automatically making correction. 
[0056] According to the present embodiment the 
switching TFT 221, the current TFT 223, and the first 
correction TFT 231 are preferably formed on an identi- 
cal TFT array substrate through an identical manufac- 

45 turing step. The arrangement described above enables 
a reduction in the driving current Id caused by deteriora- 
tion over time to be corrected for each pixel without 
increasing the manufacturing step. 

so (Sixth Embodiment) 

[0057] Fig. 12 shows an equivalent circuit diagram of 
a pixel circuit configured with a TFT-OELD included 
therein according to a sixth embodiment of this inven- 
55 tion. In Fig. 12. the sane components as in Figs. 1 and 
11 are assigned to the same reference symbols, and 
the description thereof is omitted. 
[0058] In the pixel circuit according to the present 



19 

XX3ID: <EP 0923067 A 1_l_> 



37 



EP 0 923 067 A1 



embalm shown in Fig. 12. a resistance between the 
hj feeder hne 213 and the second feeder Z £s is 
made to change depending upon a relation^ n 

^Irough qUant,,y ^ driV,n9 °"« W ■"** 
[0059] More specifically, when an electric potential of 
he first feeder line 213 is set to be higher tSnSS 2 
the second feeder line 215. as shown in FIG * the 

ZSZSZSZ ""7 232 is a p - channel ^ and £ 

gate electrode thereof is connected to an electrode on 

» feeder ' ine -d " ° f the W9anic device 

221. and rts source and drain electrodes are connected 

be^een the organic EL device 224 and the £222 

h1 TJ° bS Seria " y «™«*ed to the organic EL 
dev.ce 224. According to this configuration when* 
resistance of the organic EL device 224 increast'he 
gate voltage of the second correction TFT 232 

SSTSX."? 9 reSiStanCS between *• source efec 
trade and the drain electrode decreases 

PJ060] Hence, according to the sixth embodiment 
even rf a resistance of the organic EL device 224 

T« Si*- deteriorafo " ~er time, a reduction* 
a quantity of dnving cunent Id resulting from a increase 

issTri*" or9anic el de *« ^ 224 

reeled by a decrease in a resistance between the 
source and the drain of the second correction^ 232 

prevented. In addition. s.nce the correction described 

2Sl" "? * for 630,1 Pbcel - when deterioration 
eteo^r 10 V/ari ° US deSr6es amo "9 a Plurality of 0x- 
I ^ VariOUS de9rees * Nation in currem- 

pTeSed enab,eS SCTeen irre 9"^ities to be ^ 
[0061] As a modified form of the sixth embodiment 
2? 2 f ,ectric P 016 ^ - *• »* feedert^S 

«2l ' 30 n - channel •VPe TFT is used for the 

TFT 232, and the gate thereof is con 

EESE^?* - feeder " ne SidS <* the ^nic EL 
device 224 and the source electrode and the drain elec- 

EuTevS% 0 24beti e "T^ h ^ to *• -ganTc 
tht b6tWeen the 0,9anic EL d ^ce 224 and 

£?2 I"* Hne - * iS ^ ^en a res* 
So * e # or 9 anic EL device 224 increases, the gate 
voltage of the second correction TFT 232 increaSs 
and a resistance between the source e.ec7oTarXe 
dram electrode decrease th^w ^ ne 
ing correction ' * Wreby automa *cally mak- 

P0062] fording to the present embodiment, the 
ZZEXJT t^* 6 CUrrent TFT 223. and the sec 
identical TFT array substrate through an identical man- 
ufacturing step. The arrangement described above^a- 
bta a reduction in the driving current Id resting from 
defeneration over time to be corrected for each SS 
without increasing the manufacturing steps 
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(Seventh Embodiment) 



[0063] Fig. 13 shows an equivalent circuit diagram 

s toTsevfrT! 8 ^ 

Rb 1 3 I?L emb0d,ment ° f the invention. In 

•-ig. 13 the same components as in Figs. 1 and 1 1 are 

• ^ fe,erenCe Symb0,s ' and the de^P 
ton thereof is omitted. H 

,„ ,n 3 pbcel circuit according to the present 

w embodiment, as shown in FIG. 13 a rSS 
be^een the retention capacitor 222 and the SZSZ 
hne 213 is changed depending upon a relationshb 

» quantty 01 drMng cufTert ,d ««* 

f.°°fi , ™» e specifically, when an electric potential of 

far^n^f 0 ^ feeder Kne 215 ' as s "own in F^13 
so tZ Z e ' ^ e ^ conrection TFT 233 equiva- 
20 ,ent to the current TFT 223. the gate electrode tr-reof fe 
connected to an e.ectrode on the first feeder 

LcS C " d6ViCe 224> 8nd *• «~ ^ dra^ 

£SS?I???? ,d b6tWeen *• ret6n,ion ^a-- 
25 SrfSf. T 1 feeder ° ne 213 - According to the 
25 configuration, when a resistance of the oraanic Fl 

rection TFT 233 increases, and a resistance between its 
source and drain electrodes decreases. For «fS? 
the gate voltage of the current TFT 223 incSSHS 

d a e?rea?e: Ce ^ ^ "~ and <^5S 
»066] Thus, according to the seventh embodiment 
even rf a resistance of the organic EL device S 
increases due to deterioration over time a^ZjZ 

correction TFT 233 decreases, thus enabtinn a 
d^rease in a quantity of driving currert (D dte to an 
increase in a resistance of the organic EL device 224 to 
be corrected and a decrease of a screen .usance to 

TeJ^TS ■• addrti0a *• conection 

t^ZTr, f^ 6 ,S made for 6ach «*-■ deteriora- 
tion overtime occurs to various degrees among a plural- 
rty of pucels or there are various degrees of vaKfon 
45 - P«e.s in cunenwoltage chScE 

Stete - ~» - Wes are toereby 

[0067] As a modified form of the seventh embodiment 
when an electric potential of the first feederTaT 2^1 
higher than that of the second feeder line 215 TmU bl 

™!T P^ h annel type TFT is used for the third 
conection TFT 233. and the gate electrode is connected 
to an electrode on the first feeder line side of tSTrSS 
EL device 224. and the source and drain elecfrodes^re 
ZT^ b , e,Ween the r8,emi0n ^Pacito 'SIS S 

wnen a resistance of the organic EL device 22d 
•ncreases. the gate voltage of the third oomSS #f 
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233 increases, and a resistance between its drain and 
source voltages increases. For this reason, the gate 
voltage of the current TFT 223 decreases, and a resist- 
ance between its source and drain decreases , thereby 
automatically making a correction. 

[0068] Additionally, as another modified form of the 
seventh embodiment, when an electric potential of the 
first feeder line 213 is lower than that of the second 
feeder line 215, an n-channel type TFT may be used for 
the current TFT 223, an n-channei type TFT may be 
used for the third correction TFT 233, and the gate elec- 
trode thereof may be connected to an electrode on the 
first feeder line side of the organic EL device 224, and 
its source and drain electrodes may be connected 
between the retention capacitor 222 and the first feeder 
line 213. In this configuration, when a resistance ol the 
organic EL device 224 increases, the gate voltage of the 
third correction TFT 233 decreases, and a resistance 
between its source and drain electrodes increases. For 
this reason, the gate voltage of the current TFT 223 
increases, and a resistance between its source and 
drain electrodes decreases , thereby automatically 
making correction. 

[0069] Furthermore, as another modified form of the 
seventh embodiment, when an electric potential of the 
first feeder line 213 is lower than that of the second 
feeder line 215, it may be configured that a p-channel 
type TFT is used for the current TFT 223, and a p-chan- 
nel type TFT is used for the third correction TFT 233 
and the gate electrode is connected to an electrode on 
the first feeder line side of the organic EL device 224, 
and the source and drain electrodes are connected 
between the retention capacitor 222 and the first feeder 
line 213 . According to this configuration, when a resist- 
ance of the organic EL device 224 increases, the gate 
voltage of the third correction TFT 233 decreases, and 
a resistance between its source and drain electrodes 
decreases. For this reason, the gate voltage of the cur- 
rent TFT 223 decreases, followed by a resistance 
between its source and drain electrodes being reduced, 
thereby automatically making a correction. 
[0070] According to the present embodiment, the 
switching TFT 221 , the current TFT 223, and the third 
correction TFT 233 are preferably formed on an identi- 
cal TFT array substrate through an identical manufac- 
turing process. According to this configuration, the 
number of manufacturing processes is not increased, 
and a decrease in the driving current Id due to deterio- 
ration over time can be corrected for each pixel. 

(Eighth Embodiment) 

[0071 ] Fig. 1 4 shows an equivalent circuit diagram of 
a pixel circuit configured with a TFT-OELD included 
therein according to an eighth embodiment of the 
present invention. In Fig. 1 4, the same components as in 
Figs. 1 and 1 1 are assigned the same reference sym- 
bols, and the description thereof is omitted. In the pixel 



circuit according to the present embodiment, as shown 
in Figs 14, a resistance between the retention capacitor 
222 and the second feeder line 21 5 is changed depend- 
ing upon the relationship between a voltage across both 
5 edges of the organic EL device 224 and a quantity of 
driving current Id which flows therethrough. 

[0072] More specifically, when an electric potential of 
the first feeder line 213 is higher than an electric poten- 
tial of the second feeder line 215, as shown in Fig. 14, 

w for a p-channel type fourth correction TFT 234 in con- 
trast to the n-channel type current TFT 223, the gate 
electrode is connected to an electrode on the first 
feeder line side of the organic EL device 224 and its 
source and drain electrodes are connected between the 

is retention capacitor 222 and the second feeder line 215. 
According to this configuration, when a resistance of the 
organic EL device 224 increases, the gate voltage of the 
fourth correction TFT 234 increases, and a resistance 
between its source and drain electrodes increases. For 

20 this reason, the gate voltage of the current TFT 223 
increases, and a resistance between its source and 
drain electrodes decreases. 

[0073] Thus, according to the eighth embodiment, 
even if a resistance of the organic EL device 224 

25 increases due to deterioration over time, and a resist- 
ance between the source and the drain of the fourth cor- 
rection TFT 234 increases, a decrease in a quantity of 
driving current Id due to a increase in a resistance of the 
organic EL device 224 can be corrected and a decrease 

30 of a screen luminance can be decreased. In addition, 
since the correction described above is made for each 
pixel, when deterioration over time occurs to various 
degrees among a plurality of pixels or there are various 
degrees of variation among a plurality of pixels in cur- 

35 rent-voltage characteristics in the initial state screen 
irregularities are thereby suppressed. 
[0074] As a modified form of the eighth embodiment, 
when an electric potential of the first feeder line 213 is 
higher than that of the second feeder line 21 5, it may be 

40 arranged that a p-channel type TFT is used for the cur- 
rent TFT 223, an n-channel type TFT is used for the 
fourth correction TFT , and the gate electrode thereof is 
connected to an electrode on the first feeder line side of 
the organic EL device 224 and the source and the drain 

45 electrodes are connected between the retention capac- 
itor 222 and the second feeder line 215. According to 
this configuration, when a resistance of the organic EL 
device 224 increases, the gate voltage of the fourth cor- 
rection TFT 234 increases, and a resistance between 

50 the drain and the source electrodes decreases. For this 
reason, the gate voltage of the current TFT 223 
decreases, and a resistance between its source and 
drain electrodes decreases, thereby automatically mak- 
ing a correction. 

55 [0075] Additionally, as another modified form of the 
eighth embodiment when an electric potential of the 
first feeder line 213 is lower than that of the second 
feeder line 215, an n-channel type TFT is used for the 
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current TFT 223. and a p-channel type TFT is used for 
the fourth correction TFT and its gate electrode is con- 
nected to an electrode on the first feeder side of the 
organic EL device 224, and its source and drain elec- 
trodes are connect ad between the retention capacitor 5 
222 and the second feeder line 215. In this configura- 
tion, when a resistance of the organic EL device 224 
increases, the gate voltage of the fourth correction TFT 
234 decreases, and a resistance between the source 
and the drain electrodes decreases. For this reason, the 10 
gate voltage of the current TFT 223 increases , followed 
by a resistance between its source and drain electrodes 
being reduced, thereby automatically making correc- 
tion. 

[0076] Furthermore, as another modified form of the is 
eighth embodiment, when an electric potential of the 
first feeder line 213 is lower than that of the second 
feeder line 215, it may be configured that a p-channel 
TFT is used for the current TFT 223 and an n-channel 
type TFT is used for the fourth correction TFT 234 and 20 
its gate electrode is connected to an electrode on the 
first feeder line side of the organic EL device 224, and 
the source and drain electrodes are connected between 
the retention capacitor 222 and the second feeder line 
215. 25 
[0077J According to this configuration, a resistance of 
the organic EL device 224 increases, the gate voltage of 
the forth correction TFT 234 decreases, and a resist- 
ance between the source and the drain electrodes 
decreases. For this ceason, the gate voltage of the cur- 30 
rent TFT 223 increases, and a resistance between the 
source and drain electrodes thereof decreases, thereby 
automatically making correction. 
[0078] Furthermore, another modified form of the 
eighth embodiment is explained next. In this case, an 35 
electric potential of the first feeder line 21 3 is lower than 
that of the second feeder line 215. Thus, it may be con- 
figured that a p-channel type TFT is used for the current 
TFT 223, and an n-channel type TFT is used for the 
fourth correction TFT 234 , whose gate electrode is con- 40 
nected to an electrode on the first feeder side of the 
organic EL device 224 and the source and drain elec- 
trodes are connected between the retention capacitor 
222 and the second feeder line 21 5. 

[0079] According to this configuration, an increase in 45 
a resistance of an organic EL device 224 causes the 
gate voltage of the fourth correction TFT 234 to 
decrease, leading to a increase in a resistance between 
the source electrode and drain electrode. For this rea- 
son, the gate voltage of the current TFT 223 decreases, so 
and a resistance between its source and drain elec- 
trodes decreases, thereby automatically making a cor- 
rection. 

[0080] According to the present embodiment, the 
switching TFT 221 . the current TFT 223 . and the fourth ss 
correction TFT 234 are preferably formed on an identi- 
cal TFT array substrate through the identical manufac- 
turing processes. According to the arrangement, the 



number of the manufacturing processes does not 
increase, and the increase in the driving current Id 
caused by deterioration over time can be corrected for 
each pixel. 

(Ninth Embodiment) 

[0081] Fig. 15 shows an equival ent circuit diagram 
configured with a TFTOELD included therein according 
to the ninth embodiment of the present invention. In Fig. 
15, the same components as in Figs. 1 and 11 are 
assigned the same reference symbols, and the descrip- 
tion thereof is omitted. 

[0082] In Fig. 1 5, a first correction thin film phbtodiode 
241 provided for a pixel circuit in the present embodi- 
ment has a characteristic of reduced resistance by irra- 
diation with light. 

[0083] In the present embodiment, a resistance 
between the retention capacitor 222 and the first feeder 
line 213 is changed depending upon a relationship 
between a voltage across both edges of the organic EL 
device 224 and a quantity of emitted light. 
[0084] More specifically, when an electric potential of 
the first feeder line 21 3 is higher than that of the second 
feeder line 215, as shown in Fig. 15, although a p-chan- 
nel type TFT is used for the current TFT 223, the first 
correction thin film photodiode 241 is connected 
between the retention capacitor 222 and the first feeder 
line 213. According to the configuration, when a quantity 
of emitted light of the organic EL device 224 decreases, 
a resistance of the first correction thin film photodiode 
241 increases. For this reason, for the current TFT 223, 
its gate voltage decreases, and a resistance between its 
source and drain electrodes reduces. 
[0085] Thus, according to the ninth embodiment, even 
if a quantity of emitted light of the organic EL device 224 
decreases due to deterioration over time, a resistance 
of the first correction thin film photodiode 241 increases, 
thus enabling a decrease in a quantity of emitted light of 
the organic EL device 224 to be corrected. In addition, 
since the correction described above is made for each 
pixel, when deterioration over time occurs to various 
degrees among a plurality of pixels or there are various 
degrees of variation among a plurality of organic EL 
devices in light-emitting characteristics in the initial 
state, screen irregularities are thereby suppressed. 
[0086] In this connection, as a modification of the ninth 
embodiment, for the fifth correction TFT( not shown), its 
source and drain electrodes thereof may be connected 
between the retention capacitor 222 and the first feeder 
line 213. 

[0087] As another modified form of the ninth embodi- 
ment, when an electric potential of the first feeder line 
213 is lower than that of the second feeder line 215. an 
n-channel type TFT is used for the current TFT 223. and 
the first correction thin film photodiode 241 may be con- 
nected between the retention capacitor 222 and the first 
feeder line 213. Further, in this case, for the fifth correc- 
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tion TFT(not shown), the source and drain electrodes 
thereof may be connected between the retention capac- 
itor and the first feeder line 213. According to this con- 
figuration, when a quantity of emitted light of the organic 
EL device 224 decreases, a resistance of the first cor- 
rection thin film photodiode 241 increases, and further, 
the gate voltage of the current TFT 223 rises, and a 
resistance between its source and drain electrodes 
decreases, thereby automatically making correction. 

[0088] In the present embodiment, the switching TFT 
221, the current TFT 223, and the first correction thin 
film photodiode 241 are preferably configured on an 
identical TFT array substrate through an identical man- 
ufacturing process. 

[0089] According to this configuration, a decrease of 
the driving current Id caused by deterioration over time 
can be corrected for each pixel without increasing the 
number of manufacturing processes. 

(Tenth Embodiment) 

[0090] Fig. 16 shows an equivalent circuit diagram 
configured with a TFT-OELD included therein according 
to the tenth embodiment of the present invention . In 
Fig. 16, the same components as in Figs 1 and 1 1 are 
assigned the same reference symbols, and the descrip- 
tion thereof is omitted. 

[0091] In Fig. 16, the second correction thin film pho- 
todiode 242 provided for the pixel circuit in the present 
embodiment has a characteristic of reduced resistance 
by irradiation with light. 

[0092] In the present embodiment, a resistance 
between the retention capacitor 222 and the second 
feeder line 215 is changed depending upon a relation- 
ship between a voltage across both edges of the 
organic EL device 224 and a quantity of emitted light. 
[0093] More specifically, when an electric potential of 
the first feeder fine 213 is higher than that of the second 
feeder line 215, as shown in Fig. 16, although an n- 
channel type TFT is used for the current TFT 223, the 
second correction thin film photodiode 242 is connected 
between the retention capacitor 222 and the second 
feeder line 215. According to this configuration, when a 
quantity of emitted light of the organic EL device 224 
decreases, a resistance of the second correction thin 
film photodiode 242 increases. For this reason, the gate 
voltage of the current TFT 223 increases, and a resist- 
ance between its source and drain electrodes 
decreases. 

[0094] Thus, according to the tenth embodiment, even 
if a quantity of emitted light of the organic EL device 224 
decreases due to deterioration over time, a resistance 
of the second correction thin film photodiode 242 
increases, thereby enabling a reduction in a quantity of 
emitted light in the organic EL device 224 to be cor- 
rected. In addition, since the correction described above 
is made for each pixel, when deterioration over time 
occurs to various degrees among a plurality of pixels or 



there are various degrees of variation in light-emitting 
characteristics among a plurality of organic EL devices 
in the initial state , screen irregularities are thereby sup- 
pressed. 

s [0095] As a modified form of the tenth embodiment, 
for the sixth correction TFT(not shown), its source and 
drain electrodes thereof may be connected between the 
retention capacitor and the second feeder line 215. 
[0096] As another modified form of the tenth embodi- 

10 merit, when an electric potential of the first feeder line 
213 is lower than that of the second feeder line 21 5, a p- 
channel type TFT may be used for the current TFT 223, 
and the second correction thin film photodiode 242 may 
be connected between the retention capacitor 222 and 

75 the second feeder line 215. Further, in this case, a sixth 
correction TFT( not shown), may be connected between 
the retention capacitor 222 and the second feeder line 
215. 

[0097] According to this configuration, when a quantity 
20 of emitted light of the organic EL device 224 decreases, 
a resistance of the second correction thin film photodi- 
ode 242 increases. Further, the gate voltage of the cur- 
rent TFT 223 decreases, and a resistance between its 
source and drain electrodes decreases, thereby auto- 
25 matically making a correction. 

[0098] In the present embodiment, the switching TFT 
221 , the current TFT 223. and the second correction 
thin film photodiode 242 are preferably formed on an 
identical TFT array substrate through an identical man- 
30 ufacturing process. According to this configuration, a 
decrease in the driving current Id due to deterioration 
over time can be corrected for each pixel without 
increasing the number of manufacturing processes. 

35 (Eleventh Embodiment) 

[0099] Next, the eleventh embodiment according to 
the present invention will be described with reference to 
Figs. 17 and 18. 

40 [01 00] Fig. 1 7 is a block diagram of a display appara- 
tus equipped with a TFT-OELD according to the elev- 
enth embodiment of the present invention, and Fig. 18 
is a block diagram of a common line driving circuit 13* 
provided for the display apparatus . In Ftg. 17, a pixel 

45 circuit for only one pixel is depicted in a display region 
115. However, actually the same pixel circuit is provided 
for each pixel. 

[0101] In Fig. 17, the display apparatus 200a accord- 
ing to the present embodiment further includes, in addi- 

so tion to the scanning line driving circuit 1 1 and the signal 
line driving circuit 12, a common line driving circuit 13' 
configured so as to be capable of supplying a power 
source signal separately to a plurality of common lines 
133. a common line power source 205 for supplying 

55 power source to the common driving circuit 13*. a frame 
memory 207 for storing measured current IDmn (m: the 
number of a signal line (1 -M) , n: the number of a signal 
line (1 -N) )of each of a plurality of pixels 1 0 in the display 
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region 15 measured by the cuirent measuring circuit Iff 
and a deterioration correcting circuit 209 arranged 
between an .mage signal source 208 and the signal Hne 
driving c.rcurt 12. The deterioration correcting circurt 

ilnl f"^ *° OUtpUt the 9raduation o^an 5 
mage signal ,nput from the image signal source 208 to 

the signal line driving circuit 12 in order to correct a 

reduction in a quantity of driving current Id caused by 

deteriorate over time in each of the plurality of pixels 

10 after correcting it for each pixel 10 in accordance with 10 

each measured current Idn stored in the frame memory 

[01 02] Note that at least one of the common line driv- 
ing circuit 13', the common line power source 205 the 
current measuring circuit 16', the frame memory 207 15 
and the deterioration conecting circuit 209 may be 
formed on the TFT array substrate with the display 
region 1 15 provided in me center portion (see Rg* Y 
Otherwise, it may be configured as an external IC to be 
SnT, al,y , m ° unted on the TFT array substrate. 
10103] In Fig. 18, the common line driving circuit 13' 

aS'fZ* Chan . 9eover 3 01. a shift register 302 

ana a transmission switch 303. 

[0104] The changeover switch 301. in the normal dis- 

2£ ^1 ' ' S SWitChed to a source wire 3 1 0 as 
s.de which is connected to the common line power 
source 205 in such a manner that a power source signal 
of a predetermined voltage is supplied to a plurality of 

potentials of all common lines 1 33-are made equal) via 30 

IvZ^Z ^ <* •» «>ntro..e7S me 

ofter hand the changeover switch 301 is. when correc- 

SJUJ'ff , j leterioration over time as will be 
descnbed later (adjustment of a vottage of a power 
source signal supplied to each common line 133) con- 35 
figured so as to be able to be switched to a wire 320 side 
connected to the current measuring circuit 16' via the 
transm IS sion switch 303 in such a manner that a meas- 
uring power source signal is serially supplied to a plural- 
ity of common lines 133 via the wire 320 The « 
measunng power source signal may be supplied from 
J? ST sourc « buirt-into the current measuring circuit 

Z ^ T 32 °' ° f SUpp,ied usi " 9 a W source of 
ttw wnmon line power source 205 via the wire 320 

^ ^^ssion switch 303 transits, when « 
correction .s made for deterioration over time, a measur- 
ing power source signal to the changeover switch 301 in 

10 1 tranSfer Si9na ' se ° u ***»y output from 
t^nctl r !? ^ 302 ' and the chan 9eover switch 301 
transmits me measuring power source signal to each so 
port circuit via the common lines 133. At mis time me 
shrft regster 302 sequentially outputs me transfer signal 
" aSS °° atlon ^ a plurality of common lines 133 

COntr ° l of the toller, not shown. 
ImnS- !l eXt a " operation according to the present 55 
emt«d,ment configured as described above will be 

[0107] First, when making a correction for deteriora- 
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ton over time, a measuring power source signal is 
sajuentally supplied to a plurality of common lines 133 
via each transmission switch 303 made transferable in 
response to a transfer signal sequentially output from 
*e shrft register 302. Then, a quantity of current of me 
measuring power source signal is measured for each 
common line 133. Here, since a scanning signal is 
sequentelly supplied to each pixel 10 from the scanning 
hne dnv,ng circuit 1 1. the measuring power source sig 
nal is made to flow as a driving current to me organic EL 
device 224 via me current TFT 223 for each pUel in a 
pixel row to which the power source signal is supplied 
from one common line 133. That is. a scanning signal is 

^T^S SUPP ' ied fr ° m the ^""'"S line dri *ng cir- 
curt 1 . while a measuring power source signal is sup- 
plied to me common line 133 in timing of a transfer 
signal by the shift resister 302. a driving current Id of 

bv ti T mSaSUr6d Dy Po'nt-at-a-time scanning 
by the current measuring circuit 16'. Then, me quantity 
ofm^easured current IDmn is stored in me frame mem 

[01 08] Next, when a normal operation is carried out 

^'r^lf' 9 " 31 fr0m the ima9e ^nai source 208 is 
fcansmrtted to the deterioration correcting circuit 209 
The deterioration correcting circuit 209 corrects a gra- 
dation level of me image signal for each pixel 1 0 in such 
a manner mat the decrease of me cunent by deteriora- 
ton over time is corrected in accordance with a degree 
of deterioration over time determined based upon a 
quantity of current IDmn (mat is, a degree of reduction 

^^ SaSU u ed * Mn ° CUrrent versus a reference cur- 
rent) of each pixel 10 stored in me frame memory 207 

and output to me signal line driving circuit 12 As a 
^niAflf 196 in a quantt y * emi tted light of me 

Zf™ EL d f Ce 224 in "** # xei 19 « conected by 
vanatons of the gradation level by the deterioration coT- 
recbng c.rcurt 209. In carrying out a normal display 
operation, me changeover switch 301 of me common 
hne driving circuit 203 is switched to me common line 
power source 205 side, and a predetermined electric 
potential is supplied to the common line 103 
[0109] In mis embodiment, although cunent measure- 
ment is separately taken for all pixels 10. and the meas- 
ured value IDmn is stored in me frame memory 207 

^ir f T Mnent ^ be made for Some ^mpled 
o V* a " or9ani2ed PW block and men be 
stored. Besides, according to me present embodiment 
respect to all pixels 10. each pixel is differently co^ 
reeled, for an organized pixel block or an entire panel 
bfo^oorrecton may be made after some adequate 

[0110] According to the present embodiment, each 
TFT ^ within each driving circuit, and each TFT within a 

%**" f T' fo u eXample ' are P«*W silicon TFT 
6oTo? a ^° U9h k 3 ,ower - te "Perature process below 

each , 0r9anic EL devf ce 224 is formed, for 
example, by an ink-jet process. 
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(Twelfth Embodiment) 

[01 1 1 ] Next, the twelfth embodiment according to the 
present invention will be explained with reference to 
Figs. 19 and 20. Fig. 19 is a block diagram of a display 
apparatus provided with a TFT-OELD according to the 
twelfth embodiment, and Fig. 20 is a cross sectional 
view of a pixel circuit provided for each pixel of the dis- 
play apparatus. In Fig. 19, a circuit on one pixel only is 
shown in the display region 115. However, actually the 
same circuit is provided for each pixel. In addition, in 
Fig. 19, the same components as the eleventh embodi- 
ment shown in Fig. 1 1 are assigned the same reference 
symbols, and the description thereof is omitted. 
[01 1 2] In Fig. 1 9, a display apparatus 200b according 
to the present embodiment includes the scanning line 
driving circuit 11, the signal line driving circuit 12, the 
common line power source 205 for collectively supply- 
ing a power source signal of a predetermined electric 
potential to the common lines 133, a current moasuring 
circuit 16", the frame memory 207, and the deterioration 
correcting circuit 209. The display apparatus 200b is 
especially equipped with a PIN diode 1 10 as one exam- 
ple of a quantity of emitted light measuring semiconduc- 
tor element whose one edge is connected to a common 
line 133 in each of the pixel circuits, and a light detecting 
line 104 to cause a measuring current to flow to the PIN 
diode 110 in parallel with a signal line 132 and a com- 
mon line 133 is provided at the other edge of each PIN 
diode 110. Further, the display apparatus 200b is fur- 
ther provided with a light detecting line driving circuit 
204 for driving a PIN diode 110 in each pixel via each 
light detecting line 104. and the current measuring cir- 
cuit 16" measures a measuring current for each pixel 10 
which flows to the PIN diode 110 driven by the light 
detecting line driving circuit 204. At least one of the light 
detecting driving circuit 204, the common line power 
source 205, the current measuring circuit 16", the frame 
memory 207, and the deterioration correcting circuit 
209 may be formed on the TFT array substrate with the 
display region 1 1 5 provided at its center thereof (refer to 
Fig. 1), or may be configured as an external IC to be 
mounted on the TFT array substrate. Another example 
of a quantity of emitted light measuring semiconductor 
element instead of a PIN diode 110 is an FET (Field 
Effect Transistor) in which optical excitation current 
flows due to the fact that light enters into its channel por- 
tion. 

[0113] As shown in Fig. 20, in the present embodi- 
ment, for each pixel 10, the PIN diode 1 10 is formed on 
the TFT array substrate 1 using the same semiconduc- 
tor film used for the formation of the switching TFT 221 
and the current TFT 223, and PIN junction formed by 
impurity doping. Additionally, a reverse bias voltage is 
applied to the PIN junction via the light detecting line 
104 from the light detecting line driving circuit 204 in the 
same manner that an optical excitation current flows 
when light enters the PIN junction from the organic EL 



device 224 via irrterlayer insulating films 251-253. In 
addition, the gate of each TFT or the scanning line is 
composed of a metallic film such as Ta or a low resist- 
ance polysilicon film, and the signal line 132, the com- 

5 mon line 133, and the light detecting line 104 are 
composed of a low resistance metallic film such as Al. In 
addition, the driving current flows through an opposing 
electrode 105 (an upper electrode) via the current TFT 
223 by way of the EL device 224 from the pixel electrode 

10 141 composed of such material as ITO. The composi- 
tion of the opposing electrode 105 with a transparent 
material such as ITO enables the upper surface of the 
display apparatus 200a shown in Fig. 20 to be a display 
surface. On the other hand, the composition of the 

75 opposing electrode 105 with a metallic material of the 
light-reflective type or a light-shielding type such as Al 
enables the lower surface of the display apparatus 200b 
in Fig. 20 to be a display surface. Hereupon, it is 
assumed that the opposing electrode 105 includes Al as 

20 its main component. 

[0114] Next, an operation according to the present 
embodiment configured described above will be 
explained. 

[01 15] First when making correction for deterioration 

25 over time, the organic EL device 224 is made to emit 
light by supplying a scanning signal and a data signal for 
displaying a predetermined pattern from the scanning 
line driving circuit 1 1 and the signal line driving circuit 
12. Then, since the opposing electrode 105 includes Al 

30 as its main component, the light is reflected and then 
radiated downward through the pixel electrode 141. At 
this time, since the PIN diode 110 reverse-biased by the 
light detecting line 104 is arranged in a portion of the 
optical path, an optical excitation current is generated in 

35 the PIN diode 110, the light reaches the light detecting 
line driving circuit 204 through the light detecting line 
104. The light detecting line driving circuit 204 is, like 
the common line driving circuit 203 of the eleventh 
embodiment, provided with a plurality of transmission 

40 switches which sequentially supplies reverse-bias 
power source from the light detecting line 204 to the PIN 
diode 110 and sequentially supplies a measuring cur- 
rent to the current measuring circuit 1 6". As in the elev- 
enth embodiment, the current measuring circuit 16" 

45 measures a measuring current for each pixel 10 by 
point-at-a-time. The quantity of emitted light of the 
organic EL device 224 provided for each pixel approxi- 
mately increases, as the quantity of measured current 
IDmm' of the measuring current increases. Like the 

so eleventh embodiment, storage by the frame memory 
207 corresponding to the quantity of measured current 
IDmm* (measured quantity of emitted light) and correc- 
tion by the deterioration correcting circuit 209 are also 
carried out. 

55 [01 1 6] More specifically, as shown in Fig. 21 , a deteri- 
oration correcting method in the eleventh embodiment 
will be carried out. 

[0117] That is, first, in the initial state, as shown in 
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FIG. 21(a), the deterioration correcting circuit 209 does 
not make correction, and thus the signal line driving cir- 
cuit 12 outputs data signals of signal levels V1 V2 V6 
in accordance with gradation levels D 1 , D2 ' D6 'of an 
image signal 208 to a signal conversion curve 404 This 
data signal is applied to the gate electrode of the cunent 
TFT 223 from the signal line driving circuit 1 2 the signal 
line 132. the switching TFT 221. and the retention 
capacitor 222. As a resurt. luminescence can be 
obtained from the organic EL device 224 with lumines- 
cence levels LI, L2. L3 L6 corresponding to a lumi- 
nescence characteristic curve 405 that shows a relation 
of an electnc potential applied to the gate electrode of 
the current TFT 223 and a quantity of emitted light of the 
organic EL device 224. Note that, hereupon considera- 
tion is given to the fact that the organic EL device 224 
begins to emit light when a signal level V b exceeds a 
certain threshold voltage. 

[0118] Next, as shown in Fig. 21(b). luminescence 
r. aractenstic curve 405 changes in the state which the 
quantity of emitted light has changed according to dete- 
rioration over time of the organic EL device 224 and the 
cunent TFT 223. This luminescence characteristic 
curve 405 is obtained by the measurement of the quan- 
tity of emitted light using for example the light detecting 
driving circuit 204 and the cunent measuring circuit 16" 
in the conection processing described above An ade- 
quate signal conversion curve 404 is set in the deterio- 
ration correcting circuit 209 based upon this 
luminescence characteristic curve 405. 
[01 1 9] Thereafter, during a normal display period the 
deterioration conecting circuit 209 carries out adjust- 
ment that, for gradation levels D1, D2 D6. image sig- 
nals of signal levels VI, V2 V6 are output from the 

signal line driving circuit 12 using this signal conversion 
curve 404. This results in obtaining the same quantity of 
emitted light before deterioration and after deterioration 
in accordance with post-deterioration luminescence 
characteristic curve 405 at each pixel 10. In this embod- 
iment, a threshold voltage for the luminescence of the 
organic EL device 224 also has taken into considera- 
toon. 

[0120] According to the twelfth embodiment as 
described above, a quantity of emitted light of the 
organic EL device 224 in each pixel is measured using 
the PIN diode 1 10, and thus a reduction in quantity of 
emitted light by deterioration can be more predsely cor- 
rected compared to the eleventh embodiment. 
[0121] In this embodiment, although measurement of 
a quantity of emitted light is separately taken for all pix- 
els 10, and the measured value is stored in the frame 
memory 207. measurement of a quantity of emitted light 
may be made for some sampled pixels 10 or for an 
organized pixel block and the measured value may be 
stored. Besides, according to the present embodiment 
with respect to all pixels 10. each pixel is individually 
conected. for an organized pixel block or for an entire 
panel block, and conection may be made after some 



adequate processing. 

[01 22] In the present embodiment, the PIN diode 1 1 0 
is used as a monitoring light-intercepting device causing 
an optical excitation cunent. however, a semiconductor 
s element such as an field effect transistor can be used 
In this case, as an electric potential applied to a gate 
etectrode of a field effect transistor, the potential, which 
effectively creates optical excitation current, is selected 
Further, since emitted light from an organic EL device 
io 224 reaches a channel, a suitable configuration is 
selected from a top-gate type, a square-staggered type 
a reverse-staggered type, a channel etch type, and a 
channel stopper type, and a gate electrode is likely to be 
configured with ITO. Furthermore, in the present 
is embodiment, a TFT formed in each driving circuit or 
each pixel circuit and a PIN diode as a semiconductor 
element generating an optical excitation cunent are 
preferably formed on an identical process. This elimi- 
nates the process of separately forming a PIN diode 
so thus being advantageous. 

(Thirteenth Embodiment) 
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[0123] Rg. 22 shows a deterioration conecting 
method provided for a display apparatus equipped with 
a TFT-OELD according to the thirteenth embodiment of 
the present invention. The hardware configuration of the 
display apparatus according to the thirteenth embodi- 
ment is the same as that in the eleventh or twelfth 
embodiments, and the description thereof is omitted 
[0124] The thirteenth embodiment is different from the 
twelfth embodiment in a setting method of the signal 
conversion curve 404 based on the luminescence char- 
acteristic curve 405 obtained from a measurement of a 
quantity of emitted light in the deterioration conecting 
circuit 209 explained with reference to Fig. 21 
[01 25] In the thirteenth embodiment, a voltage value 
«n a data signal is adjusted by converting a certain spec- 
ified signal level to another specified signal level. That 
is* m Fig. 21(b) conesponding to a case where a quan- 
tity of emitted light decreases due to deterioration of the 
organic EL device 224, by selecting a corrected signal 
levels V1 , V2 V6 of the data signal from among digi- 
tized electric potentials predetermined due to restriction 
resulting from power source of the signal line driving cir- 
cuit 12, signal conversion curve 404 is set against lumi- 
nescence characteristic curve 405. This impairs the 
linearity of the quantity of emitted light although, since 
gradation is not reversed, and favorable gradation can 
be obtained when viewed by the naked eyes. 
[0126] As described above, according to the thirteenth 
embodiment, in the signal line driving circuit 12 a 
reduction in a quantity of emitted light caused by deteri- 
oration over time can be corrected using a power source 
having limited kinds of electric potentials. 

f 01 * 71 J" the embodim e n ts from the first embodiment 
to the thirteenth embodiment, a pixel circuit is config- 
ured with a switching TFT. However, for example by 
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directly supplying a scanning signal to a gate of the driv- 
ing TFT from a scanning line and a data signal to a 
source of the driving TFT from a signal line, a data sig- 
nal is supplied to the organic EL device via the source 
and the drain of the driving TFT. By thus doing, the 
organic EL device may be driven. That is, in this case, a 
decrease in a driving current and a quantity of emitted 
light due to deterioration over time in an organic EL 
device and a driving TFT equipped in each pixel circuit 
can be corrected by the present invention. Further, a 
switching TFT equipped in each pixel circuit may be 
configured from an n-channel type TFT or a p-channel 
type TFT on condition that a voltage polarity of a scan- 
ning signal causal to the gate is adjusted. 

(Electronic Apparatus) 

[0128] Next, an embodiment of an electronic appara- 
tus provided with a display apparatus explained in detail 
in each of the foregoing embodiments will be explained 
with reference to Fig. 23 through Fig. 26. 
[0129] First, Fig. 23 shows an schematic structure of 
an electronic apparatus provided for such a display 
apparatus. 

[0130] In Fig. 23, an electronic apparatus includes a 
display information output source 1000, a display infor- 
mation processing circuit 1002. a driving circuit 1004, a 
display panel 1006. a clock generating circuit 1008, and 
a power source circuit 1010. The display apparatus in 
each embodiment described above corresponds to the 
display panel 1006 and the driving circuit 1004 accord- 
ing to the present invention. Consequently, the driving 
circuit 1004 may be built-in on a TFT array substrate 
constituting the display panel 1006. Further, such as the 
display information processing circuit 1002 may be built- 
in on a TFT array substrate constituting the display 
panel 1006. Otherwise, the driving circuit 1004 is exter- 
nally mounted on the TFT array substrate with the dis- 
play panel 1006 loaded thereto. 
[0131] The display information output source 1000 
includes a ROM (Read Only Memory), a RAM (Random 
Access Memory), a storage unit such as an optical disk 
device and a tuning circuit which outputs a tuned televi- 
sion signal, and outputs display information such as a 
predetermined format image signal to a display informa- 
tion processing circuit 1002 used on a clock signal from 
the clock generating circuit 1008. 
[01 32] The display information processing circuit 1 002 
is composed of well-known processing circuits of sev- 
eral kinds such as an amplification inversion circuit, a 
phase expansion circuit, a rotation circuit, a gamma- 
correction circuit, and a clamping circuit The display 
information processing circuit 1002 sequentially gener- 
ates a digital signal from display information input based 
on a clock signal and outputs them along with the clock 
signal CLKto the driving circuit 1004. The driving circuit 
1004 drives a display panel 200. The power source cir- 
cuit 1010 supplies a predetermined power source to 



each circuit described above. 

[0133] Next, Figs. 24 and 25 each show an embodi- 
ment of an electronic apparatus configured as 
described above. In Fig. 24, a lap-top type personal 

5 computer (PC) 1200 ready for multi-media, which is 
another sample of an electronic apparatus, includes the 
display panel 200 described above equipped within a 
top cover case 1206, and further accommodates a 
CPU, a memory, a modem, etc. and is provided with a 

10 product body 1204 having a keyboard 1202 incorpo- 
rated therein. 

[01 34] Additionally, as shown in Fig. 25, in the case of 
a display panel 1304 without the driving circuit 1004 or 
the display information processing circuit 1002, an IC 

15 1324 including the driving circuit 1004 or the display 
information processing circuit 1 002 physically and elec- 
trically connects to a TCPfTape Carrier Package) 
mounted on a polyimide tape 1322 via an anisotropic 
conductive film provided around a TFT array substrate 1 

20 and is capable of being manufactured, sold, and used 
as a display panel. 

[01 35] Other than the electronic apparatus explained 
with reference to Figs. 24 and 25, an apparatus 
equipped with a television, a view finder type or a moni- 
es tor direct-viewing type videotape recorder, a car naviga- 
tion equipment, an electronic notebook, an electronic 
calculator, a word processor, an engineering worksta- 
tion (EWS), a portable telephone, a television tele- 
phone, a POS terminal, a touch panel are given as 
30 examples of an electronic apparatus shown in Fig. 23. 
[01 36] As explained above, according to the present 
embodiment, several kinds of an electronic apparatus, 
which can carry out high quality screen display without 
being badly affected by deterioration over time of a cur- 
35 rent driving type light-emitting device of such as an 
organic EL device or a driving current of such as a cur- 
rent TFT over a long period of time, can be realized. 

Industrial Applicability 

40 

[0137] A display apparatus according to the present 
invention can be used as a display apparatus provided 
with several kinds of current driving type light-emitting 
devices such as an organic EL device, an inorganic EL 

45 device, a light emitting polymer, an LED, and driving 
device such as a TFT for driving those. Further, a pixel 
circuit according to the present invention can be used 
for a display apparatus having therein several types of 
active matrix driving methods. Additionally, an electronic 

so apparatus according to the present invention is config- 
ured using a pixel circuit and a display apparatus of this 
kind and is used for an electronic apparatus and so forth 
which performs high quality screen display over a long 
period of time. 

55 

Claims 

1 . A display apparatus, comprising : 
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a current driving type light-emitting device pro- 
vided for each pixel; 

a driving device provided for each of said pix- 
els, for controlling a driving current flying to 
said light-emitting device according to a voltaoe 
of a data signal; 

a power source unit for supplying power source 
through a power conductor to cause sad driv- 
ing current to flow to said light-emitting device 
via said driving device; 

a signal conductor driving unit for supplying 
said data signal to said driving device through a 
signal conductor; and 

a voltage , adjusting unit for adjusting at least 
one of said power source of said power source 
unit and said data signal at said signal conduc- 
tor driving unit, in such a manner that, when a 
data signal of a predetermined voltage is sup- 
plied to said driving device through said signal 
oonductor, at least one of a quantity of driving 
current flowing and a quantity of light emitted 
by said light-emitting device comes close to a 
predetermined reference vaJue. 

The display apparatus according to claim 1, 
wherein said driving device comprises a thin film 
transistor having a gate to which said data signal is 
supplied, and a source and a drain between which 
said driving current f tows, a conductance between 
said source and said drain being controlled bv a 
gate voltage. y 
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. The display apparatus according to claim 1 

wherein said voltage adjusting unit comprises- a 
current measuring unit for measuring a quantity of 35 
drrvmg current when a data signal of said predeter- 
mined voltage is supplied to said driving device- 
and a voltage control unit for adjusting at least one 
of said voltages such that said measured current 
approaches a predetermined reference current . 40 

The display apparatus according to daim 1 
wherein said voltage adjusting unit comprises- a 
light-emitting measuring unit for measuring the 
quantity of said emitted light at the time when a data 45 
signal of said predetermined voltage is supplied to 
said drive device; and a voltage control unit for 
adjusting at least one of said voltages such that 
said measured quantity of emitted light approaches 
said reference quantity of emitted light. 50 

The display apparatus according to claim 1 , further 
comprising a controller for controlling said voltage 
adjusting unit so as to adjust at least one of said 
voltages at a non^display period preceding a dis- 55 
play period. 

A display apparatus, comprising: 



a .current driving type display ligm-emrtting 
device provided for each pixel of a display 
region; 

a driving device provided for each said pixel, for 
controlling a driving cunent flowing to said dis- 
play light-emitting device according to a voltage 
of a data signal; 

a power source unit for supplying power source 
through a power conductor to cause said driv- 
ing current to flow to said display light-emitting 
device via said driving device; 
a signal conductor driving unit for supplying 
said data signal to said driving device through a 
signal conductor; 

a current driving type monitoring light-emitting 
device provided in a monitoring region and 
driven by current in the same manner as said 
display light-emitting device; and 
a voltage adjusting unit for adjusting at least 
one of said power source of said power source 
unit and said data signal at said signal conduc- 
tor driving unit in such a manner that at least 
one of a quantity of driving current flowing and 
a quantity of light emitted by said monitoring 
light-emitting device comes close to a predeter- 
mined reference value. 

The display apparatus according to claim 6, 
wherein said driving device comprises a thin film 
transistor having a gate to which said data signal is 
supplied, and a source and a drain between which 
said driving current flows, a conductance between 
said source and said drain being controlled bv a 
gate voltage. ~ y 

The display apparatus according to claim 6 
wherein said voltage adjusting unit comprises- a 
current measuring unit for measuring a quantity of 
current in said monitoring light-emitting device- and 
a voltage control unit for adjusting at least one of 
said voltages such that said measured current 
approaches a predetermined reference current . 

9. The display apparatus according to claim 6 
wherein said voltage adjusting unit comprises- a 
light-emitting measuring unit for measuring a quan- 
tity of light emitted from said monitoring light-emit- 
ting device; and a voltage control unit for adjusting 
at least one of said voltages such that said meas- 
ured quantity of emitted light approaches said refer- 
ence quantity of emitted light. 

10. The display apparatus according to claim 6. further 
comprising a controller for controlling said voltage 
adjusting unit so as to adjust at least one of said 
voltages at a non<lisplay period preceding a dis- 
play period. 
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1 1 . The display apparatus according to Claim 6, 
wherein said display light-emitting device and said 
monitoring light-emitting device are formed on a 
common substrate. 

12. The display apparatus according to Claim 6, 
wherein said display light-emitting device and said 
monitoring light-emitting device are formed in an 
identical step of a process. 

13. The display apparatus according to Claim 6, 
wherein said power source unit provides a power 
source which supplies said driving current during a 
display period both to said display light-emitting 
device and said monitoring light-emitting device. 

14. A pixel circuit provided for each of a plurality of 
matrix pixels constituting a display region of a dis- 
play apparatus having, at least, a signal conductor 
to be supplied with a data signal and first and sec- 
ond feeder lines for supplying power source to flow 
a driving current, said pixel circuit comprising: 

a current driving type light-emitting device con- 
nected between said first and second feeder 
lines; 

a first thin film transistor controlling said driving 
current flowing through said light-emitting 
device via a source and a drain connected 
between said first and second feeder lines in 
series to said light-emitting device in accord- 
ance with a voltage of said data signal supplied 
to a gate; and 

a driving current compensation device for 
increasing said driving current according to at 
least one of a decrease in a quantity of driving 
current and a decrease in a quantity of light 
emitted from said light-emitting device. 

15. The pixel circuit according to claim 14, 

wherein said signal conductor includes a signal line 
to be supplied with said data signal and a scanning 
line to be supplied with a scanning signal, 

said pixel circuit further comprising a second 
thin film transistor connected in such a manner 
that said data signal is supplied to a gate of 
said first thin film transistor via a drain and a 
source when said scanning signal is supplied 
to a gate. 

16. The pixel circuit according to claim 14, 

wherein said driving current compensation device 
controls a resistance between said first feeder line 
and said second feeder line depending upon a rela- 
tion between a voltage across said light-emitting 
device and a quantity of said driving current. 



17. The pixel circuit according to claim 16, 

wherein an electric potential of said first feeder line 
is set to be higher than that of said second feeder 
line, and 

5 

said driving current compensation device 
includes a first correction thin film transistor of 
n-channel type having a gate connected to an 
electrode on said first feeder line side of said 
10 light-emitting device and a source and a drain 

connected between said light-emitting device 
and said second feeder line in series to said 
light-emitting device. 

75 18. The pixel circuit according to claim 16, 

wherein an electric potential of said first feeder line 
is set to be lower than that of said second feeder 
line, and 

20 said driving current compensation device 

includes a first correction thin film transistor of 
p-channel type having a gate connected to an 
electrode on said first feeder line side of said 
light-emitting device and a source and a drain 

25 connected between said light-emitting device 

and said second feeder line in series to said 
light-emitting device. 

19. The pixel circuit according to claim 16, 

30 wherein an electric potential of said first feeder line 
is set to be higher than that of said second feeder 
line, and 

said driving current compensation device 
35 includes a second correction thin film transistor 

of p-channel type having a gate connected to 
an electrode on said second feeder line side of 
said light-emitting device and a source and a 
drain connected between said light-emitting 
40 device and said first feeder line in series to said 

light-emitting device. 

20. The pixel circuit according to claim 16, 

wherein an electric potential of said first feeder line 
45 is set to be lower than that of said second feeder 
line, and 

said driving current compensation device 
includes a second correction thin film transistor 

so of n-channel type having a gate connected to 

an electrode on said second feeder line side of 
said light-emitting device and a source and a 
drain connected between said light-emitting 
device and said first feeder line in series to said 

55 light-emitting device. 

21. The pixel circuit according to claim 14, further com- 
prising a retention capacitor connected to a gate of 
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said first thin film transistor, for retaining a gate volt- 
age of said first thin fflm transistor. 

22. The pixel circuit according to daim 21 

wherein said driving current compensation device 
controls a resistance between either of said first or 
second feeder lines and said retention capacitor 
depending on a relationship between a voltage 
across said light-emitting device and a quantity of 
said driving current 

23. The pixel circuit according to claim 22, 

wherein an electric potential of said first feeder line 
is set to be higher than that of said second feeder 
line, and 

said driving current compensation device 
includes a third correction thin film transistor of 
the same channel type n or p as said first thin 
film tsansistor, having a gate connected to an 
electrode on said first feeder fine side of said 
light-emitting device and a source and a drain 
connected between said retention capacitor 
and said first feeder line. 

24. The pixel circuit according to daim 22 

wherein an electric potential of said first feeder line 
is set to be lower than that of said second feeder 
tine, and 
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said driving current compensation device 
includes a third correction thin film transistor of 
the same channel type n or p as said first thin 
film transistor, having a gate connected to an 
electrode on said first feeder line side of said ss 
light-emitting device and a source and a drain 
connected between said retention capacitor 
and said first feeder line. 



40 



25. The pixel circuit according to claim 22 

wherein an electric potential of said f \m feeder line 
is set to be higher than that of said second feeder 
line, and 



said driving curent compensation device 4s 
includes a fourth correction thin film transistor 
of the opposite channel type n or p to that of 
said first thin film transistor, having a gate con- 
nected to an electrode on said first feeder line 
side of said light-emitting device and a source so 
and a drain conneded between said retention 
capacitor and said second feeder fine. 

26. The pixel drcuit according to daim 22 

wherein an electric potential of said first feeder line 55 
is set to be lower than that of said second feeder 
line, and 



said driving current compensation device 
includes a fourth correction thin film transistor 
of the opposite channel type n or p to that of 
said first thin film transistor, having a gate con- 
nected to an electrode on said first feeder line 
side of said light-emitting device and a source 
and a drain connected between said retention 
capacitor and said second feeder line. 

27. The pixel circuit according to Claim 14, 
wherein said driving current compensation device 
controls a resistance between said first feeder line 
and said second feeder line, depending on a rela- 
tionship between a voltage across said light-emit- 
ting device and a quantity of said emitted light. 

28. The pixel circuit according to Claim 21 , 
wherein said driving current compensation device 
controls a resistance between either of said first or 
second feeder lines and said retention capacitor 
depending on a relationship between a voltage 
across said light-emitting device and a quantity of 
said emitted light. 

29. The pixel circuit according to Claim 28, 

wherein an electric potential of said first feeder line 
is set to be higher than that of said second feeder 
line, 

said first thin film transistor is of p channel type, 
and 

said driving current compensation device 
includes a first correction thin film photo-diode 
connected between said retention capacitor 
and said first feeder line. 

30. The pixel circuit according to Claim 28, 

wherein an electric potential of said f ir4t feeder line 
is set to be higher than that of said second feeder 
line, 

said first thin film transistor is of p channel tvoe 
and 

said driving current compensation device 
includes a fifth correction thin film transistor 
havrng a source and a drain connected 
between said retention capacitor and said first 
feeder line. 



31. The pixel circuit according to Claim 28, 

wherein an electric potential of said f ir^t feeder line 
is set to be lower than that of said second feeder 
line, 

said first thin film transistor is of n channel type 
and 

said driving current compensation device 
includes a first correction thin film photo-diode 
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connected between said retention capacitor 
and said first feeder line. 

32. The pixel circuit according to Claim 28, 

wherein an electric potential of said first feeder line 5 
is set to be lower than that of said second feeder 
line, 



33. The pixel circuit according to Claim 28, 

wherein an electric potential of said first feeder line 
is set to be higher than that of said second feeder 
line, 20 



34. The pixel circuit according to Claim 28, 

wherein an electric potential of said first feeder line 30 
is set to be higher than that of said second feeder 
line, 



35. The pixel circuit according to Claim 28, 
wherein an electric potential of said first feeder line 
is set to be lower than that of said second feeder 
line, said first thin film transistor is of p channel 45 
type, and said driving current compensation device 
includes a second correction thin film photo-diode 
connected between said retention capacitor and 
said second feeder line. 

so 

36. The pixel circuit according to Claim 28, 

wherein an electric potential of said first feeder line 
is set to be lower than that of said second feeder 
line, said first thin film transistor is of p channel 
type, and said driving current compensation device ss 
includes a sixth correction thin film transistor having 
a source and a drain connected between said 
retention capacitor and said second feeder line. 
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37. The pixel circuit according to Claim 14, 

wherein said driving current compensation device 
includes a thin film transistor which is formed in the 
same step of a process as said first thin film transis- 
tor. 

38. A display apparatus comprising: 

a current driving type light-emitting device pro- 
vided for each pixel; 

a driving device provided for each said pixel, for 
controlling a driving current flowing to said 
light-emitting device according to a voltage of a 
data signal; 

a power source unit for supplying power source 
through a power conductor to cause said driv- 
ing current to flow to said light-emitting device 
via said driving device; 

a signal line driving circuit for supplying, 
through a signal line, a data signal having a 
voltage corresponding to an image signal input 
from an image signal source to said driving 
device; 

a measuring unit for measuring at least one of 
a quantity of driving current flowing through 
said light-emitting device and a quantity of light 
emitted from said light-emitting device at the 
time when a data signal of a predetermined 
voltage is supplied to said driving device via 
said signal line; and 

a correction circuit provided between said 
image signal source and said signal line driving 
circuit, for inputting said image signal to said 
signal line driving circuit after correcting said 
image signal in such a manner that at least one 
of said measured quantity of driving current 
and said measured quantity of emitted light 
comes close to a predetermined reference 
value. 

39. The display apparatus according to claim 38, 
wherein said driving device comprises a thin film 
transistor having a gate to be supplied with said 
data signal, and a source and a drain between 
which said driving current flows, a conductance 
between said source and said drain being control- 
led in accordance with the gate voltage. 

40. The display apparatus according to claim 38, fur- 
ther comprising a memory device for storing at least 
one of the measured quantity of driving current and 
the measured quantity of emitted light, 

wherein said correction circuit corrects said image 
signal in accordance with at least one of said stored 
quantity of driving current and the stored quantity of 
emitted light. 

41. The display apparatus according to claim 38, said 
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said first thin film transistor is of n channel type, 
and 10 
said driving current compensation device 
includes a fifth correction thin film transistor 
having a source and a drain connected 
between said retention capacitor and said first 
feeder line. is 



said first thin film transistor is of n channel type, 
and 

said driving current compensation device 
includes a second correction thin film photo- 25 
diode connected between said retention 
capacitor and said second feeder line. 



said first thin film transistor is of n channel type, 
and 35 
said driving current compensation device 
includes a sixth correction thin film transistor 
having a source and a drain connected 
between said retention capacitor and said sec- 
ond feeder line. 40 
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power source conductor is provided for each pixel 
column, and H 

said measuring unit measures said driving cur- 
rent 8 

said display apparatus further comprising a 
common line driving circuit which includes- 
a changeover switch for switching said power 
source conductor to said power source unit 
side at a display period, and to said measuring 
unit side at a non-display period; a shift register 
for sequentially outputting sequential pulses in 
accordance with said power source conductor 
and a transmission switch for sequentially con- 
trolling conduction between said power source 
conductor and said measuring unit in response 
period 1 SeqUentia, Pu,ses at *** non-display 

42. The display apparatus according to claim 38 

I^fT, 8 ^ measurin 9 unit measures a quantity of 
emrtted light, and further comprising: 
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a light detecting line, provided for said pixel col- 
umn, for transmitting an electrical signal indica- ss 
live of said quantity of emitted light to said 
measuring unit; and 

a light detecting line driving circuit which 
includes a shift register for sequentially output- 

fight detecting hnes. and a transmission switch 
for sequentially controlling conduction between 
sad light detecting line and said measuring 
unrt in response to said sequential pulses at a 
non-display period. 

35 

43. The display apparatus according to claim 38 
wherein said measuring unit measures said quan- 
tity of emitted light through measurement of a 
Photo-excited current of a semiconductor device. 40 

44. The display apparatus according to claim 43 
pSSte 9 " Semiconductor device emprises a 



48. The display apparatus according to claim 38 
wherem said light-emitting device comprises an 
organic electroluminescent device formed through 
an ink-jet process. 

49. The display apparatus according to claim 38 
wherein said measuring unit measures at least one 

£££ £ 9 CUfrent and aid <> uan *y ol emitted 
fight for each pixel, and 

said correcting circuit corrects said image sig- 
nal for said each pixel. 

50. The display apparatus according to claim 38 
wherem said measuring unit measures at least one 
of sad driving current and said quantity of emitted 
fight for each predetermined block having a number 
of pixels, and 

said correcting circuit corrects said image sig- 
nal for each said predetermined block. 

51. The display apparatus accoiding to claim 38 

wherein said correcting circuit corrects said 'image 
signal by converting a signal level of said image sig- 

!ev a ef PeCified Si9 " al ,eVSl *° anotner specified 

S2 ' tl^. apparatus comprising a pixel circuit set 
forth in claim 14 is provided for each pixel. 

53. An electronic apparatus comprising a display appa- 
ratus according to claim 1. P 

54. An electronic apparatus comprising a display appa- 
ratus according to daim 6. 

55. An electronic apparatus comprising a display appa- 
ratus according to claim 38. 



45. The display apparatus according to claim 43 
wherein said semiconductor device comprises a 
field effect transistor. 

46. The display apparatus according to claim 43 
wherein said driving device comprises a thin film 
transistor which is formed in the same step of a 
process as said semiconductor device. 

47. The display apparatus according to claim 38 

USES- 8 ?? drivin9 device COmprises a *W 

talline thin film transistor formed through a low-tem- 
perature process of SOO'C or less. 
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FIG. 1 
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FIG. 3 
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FIG. 5 
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FIG. 6 
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FIG. 9 
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FIG. 17 
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FIG - 18 
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FIG. 19 
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FIG. 21(a) 
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FIG. 22(a) 
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